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I^olbi for t m finoiiotal a»»l«tAooo daring tbo oour^o of 
ttiiii invoatigatloo* 
A 8 S f a A 
m Aernbie Imeteria tasatifiefi tm tmlong to 
fitftpabi© of tttliislog msAltixi «» aouroo «if eiirlKm fcwwi m m 
isolated trmt local «otl W 9f^riohm»nt «tt|tiire teHolmi^iio* 
for of the ^ r ^ S s n nt^ i^  
pn ma Cw/*> ^ i U i m ^ m© gmwtu mttm m0 
j r l a l i of Pfiottdoawaas on iraiiillln r«litt««l ooa^omidd weir® 
la ©est 0m4»9 AopresB^d growtt mt&0 m m 
at niglier mmmtfAti^^* woiar grwufe yiaid mm 
mmimm tn fho ©»ae of oa QtoiotaoBMitry 
of OKt^stion of vimtlllat v m M ^ ^ p '^ ketogtute^mtrnt ist«|a%»i 
md «o««(!ito 3li0it«i<i Hicit a l l oQapoaii(39 are oxlOiu^d to 
« piroaoot (CHgOjj^  imtoii i t tb® mmm m t m u m I ivol* 
la ordor to gttin infoi#»tlcai ai^ oat ttootianlsis of 
degrAdatloa of iraaillta and tn® »p©olftolt|^ of mitym iadiioUotii 
^slmltfliiooaa ti^otloa« teoimiQa* wm fbo orgmUm wm 
gr&m m d i f f«»nt mmpmmrn m^ t ^ i t &M%ity to 
««v«r«l sttbctrftles wm t«»t«d« 
U yitfilllla»f;yiMia ooUg o^idiflod imatl l ia, ?«aill«te 
protooat^ohuatey o*v«niiliti| iraratraidaliydai R^^droicyiDansoatfti 
2f4-dl^drox3rb«ataldioliyd»| »alate» saoeiaata 
aad aoatate without lag* Bow^vart iwtiydroxsrtwasoatat oataaHol 
itdi|>atet mA isooitrate wlW 
tftg« fti« liig itt tim miim%lm M P'ob^^voxylmm&a t^t wm p^toag^A 
in ptmmoB 0t ehiormpnmimt* 
oxidised tmilUSit wmiUAt&g 
p^hydrt^MyUerntaditnymf ^m^mniitiUf w^trn^Mm 
ana witboiit 
lag imt oatnoli^ m& mm oxIiHae^ wittt ling* 
atiow@<l a biphmi^ pektt&m*. 
l»r«}%oi»<itaiittiiate wtttKmt l^ ngt mt ^ a ^ o M 
wm tmim.»m l a t , 
iraiiillatQf prot^eaieeiiosm^ m0, 
wlt l i^ t lag tmt oat0olio| ii«liyarc»3e$rD®]m<iatj& mid 
mm miMnM irttti iiif* mi^tlm 
a bipl^asie 
5* fire.c^ailg ii^Olsod inmillSa voratn^-* 
dettyot pj^tooat^oiiuata witboal 
lag* iIOftdVOFi aa&aeboli uMi^ ^^ jms^ liQasoat® 
aaS weina adlfti 
Bm oalla oxiaiaaa vaal l i ia varatr^^el^^Oi 
and ib^maate Mttimit lag i»it 
protooatachuatef 
t}«»SBald«li^ do mm axiatsea «itii lag* giNilyviroxjriMiasaat® oarid^tloa 
ohowed a blphailo patt«]ni» 
gluooi>c*jKro«Q oelitt mmtraOLmii^m 
o^vanUlin wltboat lag ^ t iraaillat®, 
ant protooat«oliuat« war* oxidiieA with lac« Vaail l ia axi<latloa 
•iiow»d a blpI}ii9io pattem* 
8* CitratO'*grai^ axidiiiQA oKrata ma ifioo&lrato 
wltbotit lag Dut tiie axidaUaa of vaail l ia showed a Mptiasto 
pattam, 
ffm atadlM suggMtva that Taailllny tmllltttn^ 
bydrcncsriMiisaldttiyild and p*^ydrox3rtNin«oate ara oasidisod tlurcmcli 
oataoHol imd %mfmB iavolvad in protooateoHuato and aataotiol. 
iiotal»oli«a iin» iiKlttoiMe* ftie alioire otWQtiratimti w«ir« imt&mw 
{soKifirtteat t)|r i3«It«ff»e stadlos* oellip^f^ extfeot of 
ir«iiiitli»«'gi'<»ni m v&ll aa iriosiltato'^gyoiii} nxidJUiva 
ittKS mmUm wAxi^m g$m a positiird 
mthora t««t iadieatlng tbe t&rm%%m of P-Kixoadipato* 
antipFi^it tQ ImQm to tite m&lnttm &t mitbum ditmi^e 
tV0m Prnme in prtsottee ot oarlKHt 
aioiiria^ uras GTot^d irm tM laoitlmUc^ oontaitiifig 
extroot and protoWteeliuete* fliese oDdftnTatiotis 
fnrtn&r mntlrmA tbat ttis pro^dt toma^ iu tlio 
InQtiliatloii inift oell-tv^Q mttm% 
«if insneal^et^ao-gtrm oxtdisiMi oateot^ol tiul not p v m ^ 
ealootiaat® anS tfto reaation aiJcttiar« gairo posiUi^ iioitiara 
for fl>o m&lym^ ootl-froo m%rm% of 
grmm mlt9 oxiaiisoa ^rotooatooiiuoto mt tiia roaotioe mkxtum 
aid not glv» teat for BememWf ep^etmrn of ttia 
reiMstion alxtaro was t i i i i la r €o tlia spaotmm of •^•HctarlNKCf oiSp 
ola««eiiiooiiat0« 
Ttie o a l l - f m oxtraot of oolla, vatiUlata^ 
grown oella aadi l>aiuialdati|rd««croifii oalta oxtaiood vamil in to 
vaulttio aoid i» proaaiio* of Vaa&iiio aoitf was alao 
IdQatlfiod in ottltiiro brotli of vatiiiliii*fro«a oolla* 50^ 
Asmmium aalpliata praelpitato of oall*fr«« axtraoi of 
^millin-^ttmk oolla osidlaad fonsaidaliyde %n preaenoo of 
MAV** lliia fiti£g<ifl«<t tUiAt fomoldtlir^ iorma ^rim 
tlon Qt iNwiiliiii ms^  f«irili»r oxidised* Btm^m^t m 
vtirro to ^liito«tfi t M patuve r^a tiirougti ^ttion 
is I r tilts 
t^ tiist m Tm*m I 
I t , hiBf or rxGsa® u 
nu x-ist OF ABimEnAfio«8 ir 
tt^ znmomcnon i 
gxi^i&iMi^m 
0ltetti3jil Mitiio^ •«« 
S* m^TPe Midiiii 
4« ld@iittfioati<«t '^gmis^mB SO 
S* of UMm i m ^mrnth ••• 90 
Sitsp«2tsim8 «*• Ba 
T» iiaiatoiiiiiio« of Mtoros Sa 
Paper Cbroaatosriipti^ ««• 33 
fliifi OUroKatograplijr 
vf , itesinuTs 
la Iflolttilcni olf liy ««« 
Earlohneat Cultstytt 7«otiii&i|is« 
a, OotetatoatiQii ot C«ll m 
3* I4«atifie«ti<»i of «li« Oryattisa «•« liO 
4* cloMifioaUoQ of tbo or^imisa «*• 90 
9, tfolAltoliQ Slndioa S3 
amptw 
nx^ nmmB$iQn mz 
ntu ^hmnt uz 
i3c% mmtmmpm i$4 
mmtQAnom ^^^ 
htBf m fAmm 
XI* % vaiittfB of w #«« aa 
TOO hmymr ^^kamm^m^i^W' 
ttt^ Wtt&^t of C&fhm Sumriiod m 43 
I f , ot ^itfog^ii stmiwa m f^tui 
Ml 
mtmt i»f ITmSltiis ^ ««* 
mm 0«iii n&M* 
ff« Btt0et ^f fQupBm^m m fotal O^II •«• 48 
Vttf i f foot t>f ny&mmn Im Conowitratlon 40 
m futal Q9ll f ieia* 
iri£i« iriMitii tfitu 0&ff«f«it$ 3iii)«itf!at#s sa 
of osefsm muimmtm ottUimA aa 
vltb A flimtwr ef CUsiail^e Sti!»sf3rat«« 
iti^ii Ifioatoftt««t ivitb 
Sutpensloti of Patmdowmt JIP* 
.%« StolOlllOMltirr of QfMtOfIS i4 
Xt* fff fAluM of OAknovn rtieaollo Compomn3m 
Hf Pmp%r Cbroa^togrAptiir 
Po]ni»ti<}ii of -^OaciyftdlpAtft a ft«»ttlt 91 
<if tho Oxldttftloii oi Pr»tooiit9ohmim 
tfqniremmt» tor Conv&xmim of VmiUin ••« 
Ui 
Abii i tr p«li)^ r<>x|r]}eiteAl<li»li3rd«<9|rroiNii 
ofttdohol 
Ability mt os!|3>s 
06 
to YMlillitIt vatiiltat^^ pm 
«»« protoeateelwMit© 
irsratfia doodle m^ a^tmnol 
tn Dxidi^e ifanillliit vimittale uml 
< pmtmsmlm&hmt0 
iS« At»itity of s»roti^ftteistiifat««gr9iRi tO 
immmie 
t9« Ability of pr<itooate0bttat#««tro«ii m l l 9 f i 
hydrou^litiisoiito ioid OAt«oliol 
Sa« Ability of 70 
to oaci6i«e inu»i%lia» 
protooateolmiite ai26 oat^obol 
ZU Ability of f4 
to oxidise KranillatOf |»«%6raa(yl>0i«i0iit0t 
»»tiy<)ro2qrb^toatft m& bonsoato 
Ability of b«iisel6oby6o«»iroiHti i»»ll» fS 
to oici ditto p«»l)ydroaEyboitmail6ol^ 6«f 
wtrntmldeiiydo and ai^ ^ditiydrosybttitsiidi** 
dobyd* 
as* Ability of iliioo»o«grom to oxidiso •** f? 
iranillin* vanillatot oatoobol and glueoto 
IV 
Sft^et #f ^tmms^^mktml m aieidfttioii 
of vmtttin W gimom^gtmm enlts 
29* fit mlt» %<a oxidise 
oi l f f t t* and SfMsdoi t rat t , 
Oaridatidii pm^matmimmt0 W e t l l ^ i ^ p 
of Vfttiiltiii^grovii oDitd 
m* Omi^Um of t^ itlalystf^ 
O0ll«f3r«« emtwiet of rmtiltt^mm uatls 
Effoot of on ^ m%0 protmmtmlxmtQ 
QMi^tim 
Si* Btfmt of protola ooaooali^ttoii on 
vmtll l la oxidation 
iSffocit of tiiso m mi i l t l i i i 
fiM& mtivitst mrvm for foittoildol^de 













iiu MBf OF AmBmiAfmm 
(oxidisnd torn} 
im&m%& torn) 
pnmph&.lm ioxidised Som} 
HAUPE Hie^tliisitllid 4i<l&aifio 
wm r i w i n e^Qiitiio dltiitolfiikU^ 
CoA Gi^mzym A 
immmmmu 
1 
Seateria g e m r M y mmtmm& mid ean at i l ise i» 
large mmbor of orgnalo nonpotiiiai m soaro© of enrtxnt* 
aromatlct empmntis imm mttlnmt wat»r oi iiKtustriAl 
omifmm^e saoH m H&mmea^ Uerlti&ia^s ar 
the mlfm&$€A dutergeitts aro tSeooai^aBfta hy 
flid orgatii^ natter of soi l i BUm^ A^  im tti& rmul% of 
«f trmBtotrmtlmB of aron&tio oos^ owck^ s Umtt&ri^ ma ftmgi^ 
Among fiataral pro4mtMf m00t commm umpomaB 
Amilabto for mtCfoM®! is llgniit* flio 
tioa prodaet of I t i^ ia ^ g i mM$ proto* 
fictily fustdy feintlie 
p^ravi0 p<-l»y4r0xrGimmie mi^t gaalo^t 
gljro^roly |)rot0eat66litt(a<leliy<li>t i ^ U l t H f 
{ M i y d r o x y o i ^ i M i a t ^ e D y i l e ati<l oimf«rrl ether 
mill Stots$9 ld63)« iSisaMirliiig imd AMef^aSdaii (i903) 
9tiow9<S ttint Miorooeeoiiat i^ tiin^cnift. ^tiittio ttolit to 
protoQateeHmtc aeid* la next tut) dacaaosi ttm mrk in %hin 
i". 
w«» fftttialF wltb tii© i»oiotio» of ftlero-* 
orgaatsas em at i l iaa aro»«tlo 0€»9ii>0ttii<i£i sooti om mwouq^ 
xylanat pt>anoI| orosolt pftlorogluoinolt aaptitlialeiia and 
piie»i!«ittir«xi0 Qto* (Stoxitiart ieOSt l^ovlor | i9ti$ 
wagnary arajf ana ftioitiloii« i028t Tattejrafieldi 
7&u«aon» 19291 Bappol^ f and Kajr^  1933)* 
CD 
S«ii;s€i}e <leriifiitiire8 are etatverttil ta <liiref0e m ^ tti 
ortho or pam pliet^ ols tiy hy^ir^aqilalioa or deQurtmss^afioii or 
Dotb upon tho oonOiHcms of tteo ottlttiro aa l^ aloro«» 
org{»fii0fici» flie»e rosalting f&^ois »r© tlioa elonvtiil 
to atipiuiiio conpoottils EiraaSf i06d)* nawkaliaii 
l)Odf tiydrosrsrtatloii Has Dooa otioini to oootir fifaita^aii^^o* 
airattMiol irtiioh imatorgo^s debydroganatlon io glvo lureroxylatoa 
^rodnot witii two hyatoMSt group* i» ortiteo i Borland 
iwia 19351 m t ) , 
Ea- -
a m n/ \m u m ^^ m on 
ring fi«si<m 
The tormtim of dil^tooaroiioaiol iatansoillata wofJ «l»o 
obaorv^ od in tbe t^aotoricil oxidation of aroaatio ooapotiada« 
fran«*t|a«dliiQraro«»i«2«dili3r«lroxyaa^titlial«ao Iwa isolated 
froa tha ealturoa of Caeliiua and paaattoaoaad gropn on 
aaptitnaletti! (fTalftar and Viltahtra i98d| faimlor aaif 
iftoiatod 
tlirono fros ttio oulturo of gjavofeaoiaritiai growing on piieaaiittir»ao< 
THejr aiao obsorv«a tb« foraatioa of 'dioi* intaniadiate in tiie 
H) 
o 
ease of mthtmme* Marr and stotKi 
tbaf fbrottgli sijreol* 
me mftymm oatoli^ing tiie l||^ <lro3iylati€»t of tbe utm&tie 
ring liav^ toen Unom m mimMm<^%lm wtlet iroquird 
viirtetr oloetron donoirs tow netMti" (Mason i^l 
mo d^peiidoiit mmfvki mteh mMyam tlie mmemim 
inmiMiAyeng^ ^ In emtrmt 
iiy<!roiirl©8e p»rl«lell trm mole 
of FAiD per tiele of titte eiussme (Katagtri 
r^Qtilr© HMM^ for tli® fomatlim of cufeeJiol fro» ealleylii!* 
mM^ UtUewtBe^ ens^ ym* ivtiieti ooiiirerts 
aeld ti> oentaiiiis m^ FAi) per isele ef 
eneyite Inii Is required^(Bee^kaifm seanier^ 
fteSttoed adenine diaueleotltae phene^ Hete is alee m imma 
emym iter {^<Sres3^ase A ana l]yare3ey%<Ui# B n^lcH eenverte 
te preteeeteebuie eelUS ena geaellsle 
Ttieee ensystes mm iselatett trem 
iiitS9V9Ut tieeterle Cireiie eait Arlnftf fUe m t^ssf^ msy-' 
bensoete tiyaross^aiie of Pa. .teeteg^ter<mi i» else HAO^Bj 
iSepondent C Wheel te M 1^7 Siaitiirly rAC or Pm ie 
epeolatir required for varione mmos^gmaaii reaetloiie (Flaoo 
ena (Hoeiit ld$4$ Levy eod riro9t« ror eons fitmosiygexuuiee 
ietratiydropterKIiae ie also a eofaQtor« ileoeatly i t tiae been 
foniid t!iat mwiiaiaii pbenyialaQlae turdroxylose requires aaotiier 
n 
oofttiss3^ «f diti|rdr<}l>i«»{>t«rint utotoH jrodiioiag 
twm HAB^si tHeui %o iiiioiisrtalaiil^d^ Xii them 
reed«ioit9 ttie of dlhyMtoioi^tGrisi itntergoes i^ efttio** 
tiosi to the analogy totrelkjr^iroiil^^i^riii i«mtmm§ 
i004>* 0iiet«rlal pb^njclftlanine by r^oxs^em^ ro^iitrtA r^ iSui^ QA 
ptoriaifi© aata num (Ourotf Jto, Saa-Hoa© protoiJi 
is £eiif»^ to porttoipftte In ^ydfo^l^itttiii of 
CPetersim Ctiwira ^mstiMtt i0@?) 
oits 1007 
After iiiffoauetiesi ^f tm txy^t^Wl tB ^rthiy er 
para pimitlott of ring em oIockv© 
lioiiisead ring* Oatoo&ol iirotooat^^liule nsl^ |>3iiriag i>r«tiow 
oriento^ liyaroxyl greups goaetisie ifcD44 timing 
oriented hf^xamfl ere like tor intemdietds in 
eiierobiia arowAtio 0o»p0iiiiii»» 
Ort&o fissAoai Butto oaleoiiot asm protoenttetoftle impo «ossy-
«ii4it«Allr e l o m a at fiii@ ortu^ (i^ig* i a m^ B) wltis 
tQtmtlon of eifti emmme&mirn oitdi olsy ois** 
aiiief»iAt« r08|»90tiir«ty* fUese ar^ til^iii&toly osl<li«eil to 
oxoftdipate* JMsottiSttlatloa of aoia ol^onreii in 
ealtttr«ti of Vibrio Q% growing on pbonoly oatoonoif boni&oio 
ooldf f<*1i9rdroxybeiisfoio soi^ mQ protooatoolmio aoid 
mil! Eimiist 1^471 Kitbyi I04d| evooSf s| i$ l*s 
1049)* Tills ««« farttior oonflnmH tiy anoirixts tKuiib ttio ooil** 
Figaro fatHiftyt for ttie osddativt 
of (KTomtio ooiipo«ui<38 W «iojr4iorca»it$Mi« 
it} 0«t«OlkOt«»tt3-^ iO3l}fg«tl|UI* 
(4} BumtnH CoAi «Oxo«<l£pAt« CttA irmBi^tms^ 
(S> ^^^ tl]iialii8& 
(?) ^^tathaxy eishmmmut^ tmtmiftifi^ 
mmym 
0eti9la&aitisr<!0 ny^x^lyziag omym 
( i t ) V< i^ioci«0 Hr^i^Mug e^ajTO 
Cta) 0i4oitt»9 
< V o.oftt'biaary-* Y 
pyrm^t&i'lym^m 
( A ) 
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cc- hydroxy muconic 
semialdchyde 
0 
:H2 CO'2 CH2 CO2 
o(-oxopent- y.enoate 
•H2O 




a -Oxo - Y- hydroxy valerate 
OH 13 
ocatechuate 
OH H2O HCO2H 
CO2 
CHO 









c f - O x o - r - c a 
2 (CH- •O7 ^ 
fro© of grwlag m ^mmUQ em^^mM 
C^taller %9m$ Sleeper jg^ Sl** 
(SUliy, Katagiri m<i Hnyaislii ©t*er?»il la 
CoA tmd C0A tM mtrm$ 
P9Gud0monm ^^miroadlpate to sm^in^ Q0A and m&tyt 
Ha^alfi&i oad llastiinQto Ci^jlOafl}) obs^rvdd t tot 
puwifi&d (Fr^m&te^imM^ ^is.pm^^i^mm^ 
extract of acw-^ oal^ atAirtlli^  ocmf^irted eta* 
ntiooiidlo to treats aail tromt-^trons 
tum&m m m tAm%im la %hQ {mmrn mia Salti^i 
Several r®porl«d pttriflostioii of pyr®*-
<s«te«hii9e (Bum aoyat»lii iSStf faalaolii 
^ S l ^ y t964| Haleostiwit f t&3ll« j t i 
The oolour of mw»$,mm& pmpeamttm® of 
aay t»« ^40 to the |)r«»«iie» of trtimloat iron CiEoiiiaa of 
&va»t M sl.* (l^S^) olMiorvod lh»t naootioliiotoiio { i m 
Qiirt)oaeyii9tliyl<«^  ^ wm oxiAisv^ to p ooacoa^pAto 
toy ooll^frot prepamtimi of Pi^ owdoftoi^  flu^rosoeni^. flio two 
onfsysMcr wbioh eonvort oio-^uiocaiAt* to ^ btkm 
imm i«olatod froji P)idqdo«qa«» (stotroai «aiS 
7 
Sianieri tlie m^ym^ isatalr^i^t t&e 
^omBTBiou Qt ei»g oimrnmnemAt^  t& mem&lmt^m Hg'*"*' 
AUd for aouvitr m^ilo wmmmiKim daltdt^niaiiiiil ^n^pie 
hyarolnae) roquii^d no mfmator (ststiroiB esta staatttr* i9Ma)* 
Ofmston o»d stenier i t W I r®iiiKre»tlgdto« tli« aetaHolio pattiwiir 
of protooateoftuaio An ^oy 
tliftt tti6 otmvarviott of ci&imQommt^  to 









dit-Hoooaaie^liiottmissiiig etiis|«» m^ wmm^aHmtme 
isomerase wli|.i»ii oatal^e steps t fmA a reaptotiimir tuifv 
lieen purified mtd r^i^i^^tnAlised* 
iiydrMass of Bt&p S eis^ tbe^ n purified t^ i^^^foiH (^fnstoa^ 
i96dli)« fbis easiiie liiieii imrolvod in ttte eonireiftticni of 
^rnGnrhmsy^mimmtmtm^ to {Ommtm^ W&M)^ 
ha nhQm in Fig* i mllB ftdaiitdd t© iHlF«tro*y<* 
Dens i^itG Qfttolfse tn^ -^n^tltiitlT^ ecmtvrsioii ^f^-protois^tt^limiite 
to vltt a tridftjr^KSriiG aoid^ oi^i 
nttetmote (stanter jg^ 
stanier aitd Ingmiifiisit fi.m% isolatod protooftteoimQti^t 
(protooateobuate oattdate) frost £# fit^oreaeemt 
wtiieh 0xtdatl««ir prntmntrnhde^im to ^ o^aifHasty oiap 
aisinmeonate* Several iforlEers ttaire ptirified protoaateeiittate 
oxidase tvm if>mm%m$ 10CI3a| ftijieawa aad Hajraiaiiii 
^Qgardia Cc^ aia and Cartwriglitf 1060) aad Hetiroapora 
(Oroas at al»i i09@|t» I^ ilse pri^aeatealtaaet i^retoeateetiaate 
oxidase alee elea^ trea are»atia ring tgy iaeerporating t«e mygm 
atone between tiie itydreicrlated eart^ on atooie aad smte ^ 
ai«« oie<HQaeoaate ie foxiaed* fUe enn$tatlieed Hoiiogejioue 
preparatiott had deep red eoloar and oontaiaed T gm atone of 
Qoa-tie»e iron (trivaieat) per laole of enayite (Pojieana and 
flajraishif i968)« ftie aoa«lie«ie iroa aete aa otygm earrier a»d 
the reaetioa involves a temarjr oi»siplex of ea«yMei aat»itrate 
and Koleottlar oarfgen (Pi^iaawa i0ri>« 
D 
AliHottgH «aid uUl is * 
protooateoimato m4 t!egrA<te i t to p ^^otkMpttt® tif ort^o** 
fl«0ii»a pattiwap»i tim ^taps Imttlv^ In tibe 
eonvertiton of ^cartwaar ot»t eii-nao^ato to ^ i^oicoMipata 
are < I i f G i ^ s s ^ jy^* {1090) parifieD laolimieiiig 
mi&yim from i^mr^amm utili^ti eatatr&ieft emmmioa af ^ 
earHoj^t ois^ ois^Muaciiiate io ^ i«oartiojcy»!i«»oiiala0liiaa 
p^-earHoscy** /^wtitttenoliaaj/ t^Ach fajp^r 
o i^rtdisad ta ^ «>os;aaaipata <t«laotaiiia;tiig anejWdCfi^ j^  fHa 
ansyme »yst»m of Pset^ammm wiiieti aasitiiaail « -
eartioisr aia-^tuoaaata to ^ not aat a» i'l*) 
ar (••) P wteaiiataetaiia*' I t wm tliairafara anggaetaS 
ttmt a dilaaloiis Claitaaalia^-'^K' « j^ Y -Imtattaliil©) »r it® afoa 
Gliaia ediiiitaii>art ^ p t» f o m i l f ro i j3 -aarboa^ 



























A (\ i O 
was mi ttm tnko«r tmmti» uliieli iaj^lieftM a njw^tft^fis. 
ttti^iMKi^tfttt* fim r^w^toiiQif^ •ynteii oseiilifioa ^leetmie td 
flm fiiHi Iwwei Mtm m& 
mm%im&S &m»tm iiMBm} tMt twi 
r<}iii»tlD{i» ftip® for ^mmimim OJT f^^mi^^ 
im^ttofi* mnmft els* 
Q 
mem&lmtme 
mmm»t» tmtmiiting mmym vAiim mMywm^ tti« ^Ktmreyiiion <»i 
» «l.«^fto(Hifi«e ti» i m^rntliOMsrHmomolmtm^i im 
ettir^W*'^ ^eariMiyHttiiyl** ^ h m f^m j^titM 
t9S«fol«» ¥ti» otsmr mnym S '•rnax'^^mmmmv^lmtitm ^mr^Mfltmit 
Mm tmm purlft^di* w&r fihHn m sidm mMfm%t0 tft^pa wm 
for tli« <l«ir«<t«tl(m of o«t«otiol m& protoo«&«otiii«t«» 
11 
BowftV^rt the mstO^mUm 0i emym® i»m 
pgenattiaooiig (Oxxtston* Proto«»iit6<iliaat« is alfto 
imo at iii& itit&meMates iu'Pm mg^&Mim &t 
smS Bi^ pp^Wf m4 i rmi lHe (Cmttmpigbt m ^ 
Smiiii, i0&f) whim ore cxidismd ortbo £tmim* 
A& membie hm imm £t>m4 In dutl 
pdAUdoiaiiiia^ Cilll»baii8 mid Siriiit9« laid Bh^^&m&mm&ma 
(Pr0&tor m^ Soitorp Mm (i9fi} Itte 
of l}otiii8l.4il6lsird& In im utiteli «kxl<li««<l 
limssal MtrmM^ ciateofi^I Uf iirtiio ftssioji t^ sttmn *^ 
Mcta fiasiotit ihigley ma stopimr Bhmm^ f 
tloa 0i pyrm&U in tfie &ximum oftteohol by me 
free of o fli«re wai stoieiiioir^trio 
of 0110 aoio of os;rgoii/iool« of mtmhot* Bmer»rt 
mith^r emtbm dioxi^o mm nor fotmod* 
I t mBt t^roforot saggestod iliftt tli« »elii ring fissioa msmrmei 
lietw»e» Og md end m» formed 
(Eojian t96i| ^sloy aai Morgan^ i m f ^o^or ius^ 
stopfturt imgi^ s^  t t m ^ f smg^w Qitmm 
i960h tlie patlmdsp for notft fission i0 shovii In Fif# iQ« 
^^oxo-^i ^ ^Tosiy irnltrftto is also foitrod in t»m ftotafooiism of 
^^phoitrl i»ropioaato ( l ^ o r tm&U ^otiior spooies 
grmm m aotaliolisos oatooliol Hsrottgh 
m diffor»ti« pAttiviir. Altnoiigii ttm prom^M of ring oIonTiigo 
12 










CHgC - COg • C«3 - COg 
11 II 
€IIg C - ^ C 0OOE 
Tlie mum eleavage m*ymf Caoteprx'O'* 
lias tiAen partially pfirlfi04 (iCoJiiMA M M * * 
I t i» extveaeir imstaliila i» fifasatio* 0f «ir« ISie orystallisa* 
tiott of aateouoMtS^tfloiergdiiaaa lias *>a«tt oobtavad uttn atmiii 
3 0 - m f i narlfiaaUtm (HdsaHi m3>» Hoaaici M i S L ^ t W ) 
obtaiaatS hosogaatioui orystftltiaat l^re^araUon ot tiiis mmym* 
Zt ao»tains 1 pi atos of iroa par noia of mzymQ, fna iron 
resaint in tlia farraas fora aad Haoosaa iaaativatad m m i t i» 
oliaagaa ifco farrio W «ir or 
A 9 1 <U 
fliore ar« u^ports tti»t no®© sj^t^ios of tlmremmt 
Ae aot oxiillse t^tmp of A ilaoms'^ 
^^ eit^ loaoaiMg erm^l^ «iid Hie ring fl8»it»i «ittt»trftte 
wm nMeli im»rB m t ^ i^ ronp M M,* t i d ^ i f 
fiiliiHms* i904s Berl^ ^ l a 0m%rf0%§ EfiSMiEBaB 
gjg, ojsi^iad^ to uliioii $m fiirftb«r 
tsf nuitA finsAoa ^ii lt* 
t r m m t r m t of a t o l l l^aeiiiiiiao^fti pm^w&ml 
me ittolo of wtt% one mole limmmsif^ tim of 
mt m caribou AimdL^ mm emtmA^ fii« proAmt oC Hm timion 
mm m% tadntibal ntf^ ^^oartHUEsr oiof oi^HSno^att (Giigl.ei' and 
i0St)« I t mm 9iigg«at0(i ^ a t protoeatoolniato Ss oloai^ed 
to <<«ItyaroxywV-oiii'bosr ^oonio ^osiialdoliQr^ e W *t«sl.iitt« 
flto rittg fls8t<»i pf^dttotft of pirotofiateoiiiiato o roaetAiro 
oar!>o»ri grompi aaa oa^ ottosieal. atit 
slniHar to taat of oc ^itftfraxr^V ^oarbw isaooaio otttMaotajr^ 
(frippott Basley si, jg|,»» 1000) • ffet eajf^ wo 
p]rotoofttf^iioat0*^fSHiios^oaaso oata&fse titio ria^ 
oloairago mqutm Fo^^ for aaxiwul e^tiiritr iUiTa\tm& amS EfaaOf 
iseai Caiiit iSdS)* atm patuwm^ for t&o metat»ollstt of |iroto<» 
oateoitaato orlgtaall}' proposod mA ooaftrMOd I r 
Cl064at io oaomi in fiio aottvitjr of 
«4i3mroxrralorot«<-pyifiiva^ l^ raoe »»» atiaislatoA W 
Mg^  and aoroaptoeth«nol« flittir aloo o1>taliio<l ^arlltod pire** 
parationt of protooatttoltuat««*»5«^i03qrgontuio* 
30 
fiio i!i«o}iiuii9ii Of ring «l#fivage oonliS l>o « 
tsxmoaiio QtiArootdr of tti« M I 
' pBouUpmmmAn eletum ttie ring W fissioti 
oloaw i t ai^ tA ^ m m m C3|ikiti«r al*^ 
fhe of eftiNoHol is 6fiaimol«x»i»|l« 
of 9»emmmmm» ilktoli mw im^rgo •Itltoi' orino 
or Mota eloamigo 
In ttm erne of pH^drojqrphoaolo tlio oleenra^e of 
ring o««itr« ttio oarliott atos tioarA»g a iiao o M a or 
oarbotii^ group and ttio #sr!)oti meh r i m 
fi09ton $.0 mmm for tionosonUoftto m^ goatiseto (€tiapfiiaii 











aloo ooMtton in itAiifiiAt«ii nystoa (iCnos and Edtraraii 1 0 5 5 I n 
tow organloiis m^hyaro^btasoato io paraHyilroaEylated to gontloato 
1 ^ 
D^ieh is tbea oxi^ise^} to {tm^ and Jkrimm^  
1098) «a(S iiiileyl{i]rruirat0 (haekg flte tliree emyma 
4mrgemaef nal^ytps^iitviite Isomer^ye funnrjrl^ 
prmm$0 ttydralcwe) of tli« gentisi^ iieKl pamwasr Am prmmt 
in fit* o^ll-wtfe* ^ttmt of ft 0train cif 
t f » t g r n f t i j ttir«iigli 
p»mmy iwi«©li« i W K isosa i^fae^ md 
jftLleti meA^^^pymmlm hr^mttyma immt^py^mm^ 
mBp&eUmty hetm lieoii teparaloa 
Is ftlGi) m in f^teaimiisii of 
<tiilli@r ttad t^O^)* isntliniiiiltttet 
anttkrantlato td04) eosi hmcx^ooI (Uoii^or and 
OttBfniini |0?l)ft la the of iey2eiioIi»» mthyl 
tutoil goaUtla aolil ts fomefl and OhapsaHf 
Vanillin ooaiti^ w i M f in nature* Xi in found in larga 
aikimiit in iranilla plant m& to a aiigitt aogven in wtieatt 
TQgetatile «i«sue«« oloir« oitf o i l of oitroneliaf Mialie ttalsera 
and in roots of oiiloroooaon* ranit i in i« »%m prosant in aoi|« 
Dnring ttia i»rooas» of ^ifeination ooniforin pziisant in ulioat 
\ 
roots* is lijrarotrvoa to ifaniilin (Sulliifani i0i3)« I t ia aiso 
foraod W tbo notion of soil »ioro«orfiiiiiseis on ligninB 
Vnnillin i« a t$^ioal aroiftatio alilolisrdo tiaod in 
parftuMfy ana oonfootionari^* At nigh doaes i t is tojiio to 
anituils^ {ilant* and aioro-*>organi«a9« ftia totbal d&m of 
•an i l l in for rai}l»it was 3,0 cis i^st t»o<|y »t« ({^iobnana and 
A 
1 
Kitxisilterf 1940)* A^trnX^mtim prMuot of ^ o i l l l n in 
rabHits is ireniltlo a«i4 wtiioii Is m otlier^iA 
t% mils toand ttiat t imi l t ln Ad iraalllio mold 
tm^ €iitd Hi with gkmviwmMe 
atit|>}iiite^ (Saiimtms and Wltlimwt id4i>» 
^^ainistriitiQii of irafiil.llii to m%« ga^ © yise to a m a M t 
urtiiarF pr^dixnts oMef mong n^ieli ims im 
tr0& f o m * Ptn&r tete onaJtigAted 
vaniltiitii «oii|iiiat0d iriQillljrll ttloohot im<l ^ateeHoI (tcmg and 
SoitrlEQS 1366)9 Man imd rat iiireir Blltsm ««ta^olts0 
4-ti3r<33Poje3r»aitdalLie aatdf a uridalir lialiai^d •atabollo ejid praitaolt 
of adr«nali»Ot ^ ^ xtox^draiialtiio to ifimillta md vaniUio aoid 
(0ir66iiorl jg i l l . * ! ^oeias and Oiivoliarl.i • 
Biliydrojcyteaeoia aeid foioli^sr Inportaiit aotaboiito tm mmm to 
gat ttotlinatad and daiiydftigaaated iato 
baaisoto aoid and aotd mspmtiml f <foiipa««lt 
Oaore aad Hillimn^ iB JEUSBf natHylatloii of tHa 
pos&tloa of aoidf 3t4«^ i3i3rdroig|r«» 
Qimmte aoidf Q^^'^ilihf&tmitpi^mfl aoatio aotd wm fitrtHar 
raportad In vml l ivar aad ItldBaF pfapaf^tiona ( fa l lar ia aad 
Xorlof In praaaaoa af l«siatleiloalaa (aiattijrjl 
dltiydroiq^tieneola aald rlae to Taalllio aald* iilimr 
hoaogaaataf vara ware aatlira ttian kldaay la Mottijrlatloa of 
oataaliol aalda* Ttils raaottoa oas aoliaiiaad by t)ia addltloa of 
AfPy Mg *^ and radaaed glatatnioaa* ^aail l la daoraaaaa ttia 
A 
1 
omtrmtim of ttt«ni» m^ lutes tint to iii»j»» extent 
{Atmn^ idiO) mi om»m iraiillliil»%a p&mmB 
muKStini po^* 
S m i m I t o i l oiiealstt oi»$6rvs0d ttiiit vmillin i s oa» of 
tlt09e aiaohs^dei «riiioli »r& assooioted vltli ttm t n f d r f i l l t / In 
(Robtiiiss 1 0 1 9 I t i t toxlo to a mrnmr of 
i^laitts iiioladliig th&m of oitm«« P&t ottlitifes of ift>i>«ty 
oow^oaa giuraoa pern {BUim^rp 1919; noydi 1016)* fhe 
toxlo ^ffoot bud tioii<iir@r» h&en partljr ov0f««»ii6 W ftnall j^ oiyuEits 
ot laiSO^ (Stelaner, iWh 
Mtlkoiigti ifexiltll^ InnlDlts the >lasits groivtn «t Mgh 
m^m tiat I ta low ^mm Kitom to ttlnttl&to gemlantloti 
and tfee grovtb of mmr pl^tats* I ts of foot m root foimlloa 
of ttaliKs almllar to ttint of Indoloaootlo ftold 
1909)» tiigii oonoofitratlon of irontllln wlilob of foot 
ttio plant growtlii m&y ^oo ln&lMt tbo ooll »loroi^8 istilon la 
tum i>roatioo oortiilii tinpuirslologloal ocmiSltloiio for ti>» plant 
growtii* 
A report on olMiotptloii eiotoikollo^ of ireallllo-C^*-
aoi4 of i^eot roots ootabllstioA tli«t atsttll Quoiitltlos of irenllllo 
aold ttr* iilMorded vim roots iioxio la tom& la tiio leairoo^ 
However^  i;»»tiydroac|rl>eimQlo»C^^ «*f»old wm found in tbo loavos wboa 
ipttiilillo-oorliox3rl^^^«»aold tiood twt not irltli f^onltilo 
ttils likdioated tiM doKOtlioJc^latlaii oai^alillltjr 
of vboat. Hor»t (1008) fartlior otworvod tiMit vanllllo 
^ 0 i o 
metdt wyriagifi ^ ^ mtiil in 
OOOB group Ust iit^9rt»id wtmtkt roolit are partly 
fmnsdA iiiio their fms9 mr^  
tliQ prodikfiti of fstltolur a^tomioatiom 
Altlioitgii irenillifi tmie to miem^rgmitiem imt 
mmt of tbett atttifto imatlliti »» m resttlf <$t 9titoti soil 
8t«latc»8« due to the mowmti^ttm M iratiiilta m^ ottier ^r^mii^ 
^oejioiixtda is riroK i ^ i S l I n Added a Imotortii 
eapni^ lo of miM&ing vimJlltio ties treeit tdolstdd tfttt tOMA^  
pTopmrtr Qi t M After inenbetloii wltli iitorii<« 
orgetaisitts (nobbias* 19i6)« fh^ m^mtsm ositfinoS to 
Tanitlto irtiieli f i rs t mmmvkl&te^ ia tlie oaltmre seiiiuii 
i»ut later ittttappeared* Howeveri m farmer mxk wm personA 
regardittg tlie netabolio fate of vtmillio 
Qaraier teoiated a niinlker of ]»ooterid froai four 
different eoile* fie oDserired tliat vanil l in ia toxio for the 
growtn of ^ fe t l lm msB^m,* M* M s m s s m t M* oarotoyowf, 
J* t^haaeoli m<l SESSSyte* ^^ toEie effeot oa tHe 
grewtn of M,* IEBLASISBF M» J* 
M^mSl^mL* iSiBSSBB* msWrn 
IBteyB* X* tyroi^ea^e 
^ ^ Agotobaoter otirooooeetMi^  Hoeoverf tbeae orgaaieas do not 
deooapoee veaillia,^' I'eeadOM^ oaag gyooyatieHe and Oaoillaa 
flaoregioeae linail^aoiena do deooapoee vwtil l ia* Cultures of 
reaet are aore resistaat to f imi t l ia ttiaa forai^ (turei 1938)• 
35 
tnm»t Cit)50) tuatt in gftnorel ftto^i tttili»e vanill io 
^eld btit and 9o»e oltusr So not* I t tn 
fujiilittetio for fongt of tobaooo lo^iros (sn&ki (m^ l!otiori» 
Hosdemcat an^ rar»«r isolator of 
fnitgi f r m soils | #lleli irwtiilAa m solo of 
mm mm^ mti^P i^tgmism M o o ^ a to Uso ^tmmi 
ilifisasdia* f^pm^u^m^ m^pmM^m* nf^Mmmmrn* 
B m t e t e B i . fM^Mi^ff l* £maiSmSB» 
«»(! fpy^lft* Speotroobomloai ana analpits «iiow04 
tmt vmillin wem oonvertod to ir&nlltlo aoia boforo tue opening 
of tti« iKinisono ring* MmMmm moA spore stisponsim to 
itt^osfigato tbo ««t«l»oiittm of otiior pttenollo 
empmnrn liy spaoios of tiaplograotUagfa 
.^pioi^ gift Cci3>t tsoiatod froa soil)* fiio intorsadiata prodaota 
of laotalioltaBi of vanillio aold m m attaolsad hy aaiptiire oiis^maa* 
Gllriiii i i istilDltOiet t^a fomatlfm of %bm adaptiva oasptos iriiaii 
addea to apora 8U9i»o»ato» aitbatirata sisturaf l>iit atroi^to^ 
myo%n and tUlolatiii aid aot* l^a ooapiata notalioiio ^at t iw 
of iraatllia fey Ao i^nonyoaa .gajf^ i^ iiji. wmn dosoritiaa Dtr lEaai ^ 
( i9m}* Vaifif 9equmUta indiiotion taoiiaiQ»af i t wm ajtoau t£uit 
"raiitlliii waa f i ra t o:si4iaaft to vmiiil io aoid wiiioH tmdargoas 
aadatboxylation and iurdroio^atloa to giva protooataobttio aoid* 
Protoaataoliuio aoid «a» furtiiar dagradad to actooiaio aeid via 
/^ ••oarboj^ rwtoonio aoid and j^«oxoadipio aoid* An mmym oi^atila 
of rilts of {»r4i$iio&t««litiiii poiitlim mm 
fiiits tti« fongi elon^ag^ pattnmy 
for tb« degmdatimi of yimiiliti* TimUIio *<otiA I9 n 
inducer of i>r«ito©«leoliutc eottf t» {Qrosm 
M M . * * fimiillQ aeta utUisi&Uoii Sia» imen •i^iidiod in 
j^ ^ojie&ociifl .f gmm on mia 
anil SfBttlii 1067)« ftio iolttming patHwDgrs Ha^^ saggoxtod 
















mn9 m mil m ©eil^frte ^mtwmu ot miM&m 
^mUt&t& Willi m ttptalr® ®f 8w>t«« Og 
• -mot© HAIF^- mm 
im mim mmme mi^l grmif ttm wmiUmU 
f<if«»l<loliyii« Cwisit® aU ^^ m%rm%n 
mll^fmm 0«lrii{s<s© mimm& pn^tum^umrntmp m4. 
and furtbtr 
t© p^mmtMp^^* tlwi m^m iiaaM® to ^sfclagaipii 
ptf*mGUm pmtmmtmrnm^ Crswt® A) or 
t t» l»«tr®«l f«ra««to» iria p^r^rwir'&eitaoate Croat© ii * 0 mm 
0 - ^mpwiu^. rnaim^owmm gronsi m t iweftrai l© itei^ 
vmililitiii irajtimi^ m^ prntmrn^mm m m M l 
<ili m% mtrnm^t (f^m md foo^t tt?oji« tmy iait^s** 
trat«<s tm pjtmmm &i m4 mt^^l 
iti oelt-f*®® of 
t© ««tiS* f m mtitmt nf £• 
ftiytfloviiyrfiita Will i4*if wttllA® m%A 
m0i04 B0r0 m^* mm moirw &fimUm mtmt0jtm Sue eati^ftlo 
aoti^it^r of 4fiSi'^mygmm»f pmtmrntmmiis mi€ 
wm W m mtm fl«»ioti ( l ^ l ^ r ^ Kemto^ i^  
and r^wtoii (1068) studiod liidaotitsii In 
m m QiatO txy groivliig m simdGlate and relatad oompouada aneti m 
raxtilltzif vatilllio aetd and protaaataeHQii^ aoid.ete* VmUtim 
0 2 
la oseidtsod to wmillic aota mAmt^A allls* 
tt«i Attrlimte^ to tbt eDtiiriijr tff acanttiiae U^mmit 
end Coiilt«rf I93t|« laoea^e md ware found 
ill mltnre& ml^ ml^ i^.s mk) iMiditlon of iHe 
etiieure mMm iUQr^M^H Itie of ttiedA emym*^ 
role 0t ttmse ttt ttio process of of 
ligitlii VKSillia aoid «aii «aliji|ill.3lio<i* Exptrlaoats wtlH 
litbiMtors fig^)^ Isulteiit^d tHat jporoasi^ sse antf 
laoease are e p m l M y iKOfiv« in tua of irwiiUio 
•etd tigalu Ifroianoifftliijil flie liigHer %tm 
14Q0AS0 itoiliPity tfite degradation pro^ots of l igain imro 
fonaod* 
Soopi^  of tlio fhftstat rroa tlm forogoUng diaeuvKioa I t is 
evident that tli« dagradation of irimilliii in noil is maiaiir a 
aioroblftl prooesa* Ho ooao«rt0d «fforts Hairso j^ ot ^on Mod® to 
fiailr d«iif)«ato t?i« pfttim^v ttirmigii wtiioti imotorin u t t i i m 
ifKntllia, Ttiit worSE devorilios ideatifiofttion of an «oroi»io 
flQorceoont orgatiisis ^tonglag to Btiioti tma 
htm isolated from soil ^ onr io^n t ouititro taotraiqao 
vanil l in ai aoto aooroe of oarl»<»t* aioroi>iai pBttmnyw tor 
dissittitatioii of Tanill ia and rolatod ooiij^ oiiiida liaya tiaan irorisod 
out» Most of tba inforMfitiofis tiairo |>«en o&tainod W uaing ttia 
".Sliotiltaiiaotta Aaaptatioa'^ t«ofiiii<|i»e (staiii«r« i^AT)* Uaiog ool l -
fraa axtraots tHa intomadlataa iiava «lto idontifiad* m 
the iMitiif of t!ki» worKf m coitvwrgliig dalalxili8« 
of iratiillin m& relator ai^aatie conpounds bus Im A^ 

2 4 
1 • SAJLSJLiJLi i .£ 
..tii^iiienani.. * ir«iniiltyi {mmmtis QumiMB i<t<i,» Bmgifuid) 
raorjmtnltis^d ttm detililo fhe t&tlm^ 
i i ig mite im^ ixnedi wi%hm% 
f i i r t t i«r Staii<lAi»d oaotoriologleol mAttk (0i foo 
Mtobigmii mn*^ mm* wad Furos^ia 
Cst@«iai osa B©v4ii© S«iwi» Alt«asi» 
CMaxta t»alioriit«iri#St y»S«A«)| CMoraiap^Meol (l^ fludee 
Dairl^ Sllloa gol 0 Is* mrelif 4«Ai2iiii#ft»tl« 
pyrim^ MAWii aitis MAsm mgim^)^ 
m cm® l i t * ® «li»»r vigorouslir 
•ttol^ii I n II 80pi i f * « f i i ig f u a i i e l w l t H i O ii^ &£ e » m 0 U t m t 0 4 
terroua mipita^e g^iuHm 60 g» of orj^tall iae ferrous 
8islf»h«i«« iiMod 6«0 Ml Hi sniptuirlo neid nKi 
tto Ml of wmtmrh «tlier iitsror wm separated una imHyslrous 
oaleloa efilori<i« ftAdad* Aft«r 84 liotirs» Urn Biimr w«9 fil«» 
and Kop« ovamigtit on Aodiiiii wira (V&g0l§ 1959)* 
To that tli§ 9ttmr obtaiaiHl ia peroxida frae» 
a SMall vol ana af ctliar «a» ahalteii with an aqttal valaaa of 
iw/v) potaaalufQ lodida and a fair drops of dilate tKjrdrootilorio 
aold« l^a appaaraitea of l>laa oolour on addition of a faw dropa 
0 My 
of iw/w} •taroU «oliiti<»i iisdii(s#t0» the eontftJiiiiaMitm of 
«i!i«r witu pemxi€& iv^g^lt tm^U 
a t M i i i m Mimosa 
- fnaillta hm Mm 
m t i m ^ A as I ts iisrd^ aisofi^  ttm mi4 firooe^e of 
Frtedttasn stid Baugoo fo n oonteiiaiiig 
4 si rmitttn s^lutio^ jei m%e}f m» 
^f <v/ir| d»4«AifiStro|ilKiiiri%<lrastiaii la 2 1 HCI, M U t 
5 Bta^loo at toiBperfttitre ft^O of J soaias ixjr^rmt^ 
noltttioii 1RM9I fUd ooloar in iiSmh 
\ 
Absorptiowiter After 5 «tttut0« A raas«iit tiiaaiei 
aaitig flo^'Si f i t t e r Csao<w!s40 tui)^ pmpum^ »imilMf i^m^pt 
ttiat the mt&v roplnectd Hie tost oomp^nd ((^ i^g* 
^ttiintltatAye, .gsMaatloii-M. t>ryteiii • s«niii latyiiiBlii nolttUoii 
mm m fitfiadara proleta* wi^ estiniafed aottioa 
of j^t ( idSlU fo 1*0 iil of proMu mtmpl^  were 
la of alkiaia* ooppor reaidut {am^rlBin^ of o^uai 
irolci«o9 of modioli oarboimte md & stfluHm of gm ooppor 
«ttlpli«l« «ii4 0«6 gtt aootiolle in A tol«l iroltino of 960 lil)* 
Aft«r iooubaUoo for iO niiutte* at room tOBporaturo 0«$ nl 
dltuloil Folin ro«(eiit im* oddod* T&e ootour ims road aftor 
rigam 2m marliielnrici 0sUmUm of 




30 KiAtitds in Alius* slofsli«i!i At>$«rptioiB«ter using f i l l e r 
(63OWTII0 mh wm loicdii the reagent 
MosIE: • ialtttriy ttu^t i^plftoed lest 
empmm (Pig. 
m M 
adipid mt^ wm qoaaitttti'velr ^lefmlfted ttm 
(td06) test* ihm or t^i^e eonoentrate^ 
ifH^OS m6 im iir<»pfl ol im/rj ato i^tiet iiilropru8si<i# nei^ 
shatoii ifitit liiotiNation »4sEt«r« saturated mtti tbe 
appearetiee of {»eraaiigitate tinge uliieti gra^ai iy was 
talcen m positive test for the prese^e of «»(ixeadipie aei«t» 
^ •^Ixoadipie aeid m& qaamtitatiirelr eetSnafe^ w 
netliod at Siatrea aa<i Staaier At 
aelSto pit 4<»ai!iiaeaiitipFria is imenii te iitiemte eariN»a dtoalSe 
froa ^mxo a®i#tt 
n m GO m CB^ ^ coon ii ^ co - ca^  ^^  00^ 
ftie te«t eotatiea CO*4 ssiiced witu 0«2 m aoetie acia and 
i«o aH aeatate trnffori pH 4*0 «aa a<iaod to ttie tarlKtrg flaak* 
ftie reaetioa wm atartefi hy tipping 0*4 a i of 0«i|| 4«aaiao* 
aatip^rrin froa aide ara* fbe 
iraa i^oxwtrioallr e«tiaiate<l» 
e a r ^ di<»iide evolrod at 30^ 
rig«x*«i 3« siandiuNI onrm t&r irrot«iii ^icit^fsiaa^ 








P/POr/fA/ CONCSNTRAVON (M^) 
48 
3 * mu'mm moiM, 
H i r e of slmeral suit m<kimi A tor tim 






soti « t 
I 
file pm of flii^ s<»liitl<m mm 
Ea&ti t i t r e of fitinoral suit i»o4l,tiia & for tlio 
QQttlratlmt of orgostisiB tied tuo foltoviii$ otmpoitn^t 
i .80 
SH^ HOg m 
IMtSO .^THjO • « d OtSO m 
C C I , a* 10 
PdSO .^tHgO • «« 0.10 gM 
ifftjj^oo^.sago m 
liaSO t^4aj5jO 0^06 gm 
fUs pu of tHe filial sola Uon mem 7«0« 
d) Vy 
4 l i^nflyiOAfmmsBmRm 
fhe At&ifiiiis 1190^  far ttie mmUii&tktim 
of the m^mirn Usm (Peltier 
All ttdaitioiial sedi* la ttt9 of t M 
^rgaiiltn iiex*« pmprnte^ m da^ i^ rii&i^ ^ in ^it^tial ot i^thvtm 
for i^ ipe Cttlf^r© study #f flaettri** ptiMisiNd w Soeittr 
(ft Amwiem nm^wM^^sm 
n OF mmm 
Ct) ^ I t wm uy 
$ get, i^ apttmey S emtrmt m^ % 
§^0% in tOOO water* {^ tS'viii^  
(11) - • a^ (w/f) agar wm to tli« 
nntrimt l»rotli» 
( H i ) yanil^liii^ broliU ^ ( w / * ) i r iyEi iUi i i nas «d<S0<l to 
tHo Mdlua B «fi4 t!k» pU a^mMmd iff 7«0» 
Citrat<> i^ potti * Cw/v) potatslaai wem 
aildotf to ttio ••(Sittn. 0 oiKi ttm pB adluttcd to f .0* 
(W Vn^Itate tirotft « o^ii iwM f^aitUllb aoid mm 
aaded to »«dioa a and tlia pE a4}uat«<i to 
o 1 
C^) Hrfttii • t t wiis prej^ ATtH 
tli« niNlitim-® and s^ ll vriis t^ f*0# 
* I t eoaiaitieil (w/v) 
mtA in »«4iui» fti« i»ii vat 
l i s t t d - f v O t 
( i r i i i l P i ^ . , , b 3 f i i t t t • n«tii 
mm added m^im B m€ t& 
Um} ^ I t iwi® i^mpmm^ w mmn^ 
Ut mMam H aa^ tm pH to f»0t 
C») i^ jmtit • a^ iHf (w/v) mm to 
lioatfim 8 ^H n^ttstod to 
(jfti) • too potai© mm 
000 aA mat^r mta l a mi 
tor on hmtr, fh© potato eren^t wan l i l for^d 
tbrotigii ootton and to t%tm wJktu 
disti l led irat«r» (v/v) iigar 
^ gluonse wm ts9«d in 
potato agar* 
( * iv) mtrlettt-Oatatia • I t Has pjmpmr^ il hy diasalviag 
tao gn galatin ia oq* l i t r a of autrieat brota* 
0 05 
01 u, 
Soi^ mtmfiit u r n . w M - 40 ga was 
mi til too w3L irat«if fi>r t& iiiiitttiift* 0 lk«tii%i| 
or ttMPioft t i l t a elciir aolatifm 
mm tiii^tiiitifta* 
^ IS^til^ oulttti^s mm gtemm wi£ti «crti»ft«imt 
til a $iiillt«r for liintire« mi* 
wnw immiste^ in log-pHAs&y tiiriio^ witii ©oia €iii«iii«<t 
w i t ^ t audi I n a^di i i f i i 
f ^ Mjiii^ fBMAWca OP mhwnm 
fiM Qaltur^s af tHe 9rgiiiil9is mm n&liitaineiS m 
iiu6ri9iit«^ar si w i t nt Fre»& «f sli«it« war© 
•ado fortiiigfi1ily> Ttt» of>§«»S.aa O01SIII fof longer 
period 4**. 
for aeiatiolio atudiftai the inootiliaiii wm prapared hy 
tranafarring orgaitiaii frm nistriaiitH^Mr aiaata to tiia 
"Tfuiiltiii broth or «adias 0 oontaiiiiiiit ai^propriata oarlmii 
•onrcaa* for idanUfioatioa unrposaa^ t ^ loooalua wM 
preparad froa iiiitri«nt<«brotti groum 
3 3 
a p^gn cimoMAfocflAritf 
mtng Hiiatiiiift Uo^  i paper cjtiroMiifo* 
grtip%t^ mit& tmea for id^mtifieaU^ia oi aocii** 
ffiulGte^ in tlie otttttir» ttrotti* 
Solygttfg ^ Potlowiiig two sdl^entd i^mUtie&Um 
of pft^iteilio iiiteirtteaiittes neettmittito^ in mlt i im iirotftf w&ie^  
prepwsd Ji^t prior mm* 
Buttl*^ • ft«lmtail0lip3^iltindiwii««rft t^ OiSOiSO (Siiitfoy 
ipim impmtiifs i 
SOOilOtSO (St&m fttrnmnf 
Bmm t m follofriJig r9ag«»ta mm used to Heteef 
det«ot«<i w tmelr eliaf«ot«rlsiio i^iQno i^tig etfeet mawxi 
«xpos«d to ttl,trii»irt0l0t Itgfot* 
p ^ l t r a a i l i i i * m t i n 45 l a 
ooQc. m A 950 I I I iNkter 1 0 . 0 V o l * 
3 4 
BoMm aitritOf S^ i m M In 
OQ.a 
ioit iw/w) im water ««• i0«ci ¥01, 
w%m re<|titred itie roagont mii pmpimA by rnmim n i t r i to to 
tlid ni^wmilim mo^ ttM%n$ t:^ oarlmiiiitd* 
(m} suiptmnille eeid 0 ia 
90 iSit 0OIIO* HCI tmA $00 0 
v^ter »«* t«@ V^I* 
SodliiM Hi t r i te I (w/v) in 
vator »«« ¥ol. 
(fe) Soiiittia «iArfo<iiiat# «aliriiroa«» 
t0% Cw/v> Is water «•• 
m m re^ntreil ^diutions M mr% nitaiea i»t(l ailoweil 
to Odol in i m tiAtti for i *^ oinulas* fti« (i}> otire** 
fu l ly adi^a Hi t!t® iststwr® eff«nf#s©0s vigorwuly. 
I •(tsHuuriisoa ttit ft^ of irari^itt 
phtooiie oowpotm^ for pat>«r etir<^atQgrai;iti3r* 
O 
l ) 
Um*B m I 
U^  WI I09 0f Ph&mltii C«sap<niii<li t>y iPi^er Qhrmmtti^ wttphy 
Ug "mlti^t Oaldr of tile ai^ Qt 
niter ti«ata!«iit wHht^ 
.mMmm.. 








flea to iiraiig« 
neid 
S al 1 eyl dotisrde 
Vmitlic msid oad 
^rotooAteoliuio actld 
ili»aaisti m io i r 
0*80 fiairie gro«A to oranga 
to groen 
purple 
Q«i3 Sfowo to 
grtoii 
ptiri^Ie 
9 mxit itA i^sa muGmmMrn'm 
Sit ion goi <f (33 mm mm&@ intu « Blmttey «l«li 
(ts enH edatoi on glass ploti^ at C^ x ao a 
tlii6lm«9« of aso an* fti9 plants nir oried for @ 
mti^teii at lio® for 30 mmt0B and mtmetk t& mot im a 
fji0 eaaplai^  wer» applied atoag a lioa a 0m 
tmm 1« fite ilDiral oping 
soiif^it^ in© aiilvoiil; mi® praiwirefi priw to «»©• 
aeidis 0OtaSt« ifuKftctsisa* t&W* 
p&tmMim jmrnenis * flia plate® 1« tim sal van I 
wafa arlo^ at x^m Ump^mtam$ istid a^ra^a l^ with &m of Ilia 
fallawlag <tataa«ion raagaata« fim pt&tm mmi mpt 
tn m at tOtS^^ for few mlaiitoa anti l tii® apata iiaaaiaa 
irtaible* 
M ta... mm»m% » It ma {iraEiarad m 4asorii>a<l 
(a) Baaaldiaa S giit ia i4 ad amia* 
RCl ma aitataa to aaa litv% witik 
watar «•« &*o Val» 
« 
Cl>> S©«!iii» tO# i w M ia awttr Vol, 
Soiiiti<iii <«> «a<t (ii) mtx^ Smi Dofor« {Kmh 
veAum ^ on t i i i f i lay^r oturcwatdgi^piir i t ^ m n 
nt mm s^iroii in faltlfi I i * 
kJ o 
QmpomM 
Color of spot attor 
immtmmt witti 
Vmtllin follow to Bod io orange 
fani l t lo oold ontfigo Hod lo oraage 





i j o 
A tiiBtaftit Qi tmiA 9011 « aso a l Brlmmfm 
f l a t t mm^mimim (v/v) irMtllliii m oat m i m M 
^ wm itNmimtot mn'rmm tmpi^mtum fii» 
gswtli wm t^iUr tm Bmm mmm^im 
twmmtf^ tm in f i ^ t i a t^t i l * i!Kiiii« of nmm eenii^ifitodt ^ l o n ^ 
ful mnpmmim ms plutts m. iriiiilliii«K«s||iir Afidim fftn 
Infill eolmiles mm siAe^teA m^ f^Istn^ ifieldtsis ft^oni 
ptftt* «fdnttt4iitsag m slagl® e^leitr mwm 
tmmtrnrm^ ta rngm 9im$M Ut^ mm ma,^ 
R#PI«3 G R ^ N F TITTNTERIA tm #1111 M»MIIII AF »»|«I }T«4S* 
Btm* gtmth in A m t^ w&vst s^ntAl 
•ftattin R for f«irtti«r fb* man 
isdtttt^a mpMA^ fit util ixtAg matttixk m ttol® 
c«|| iiomm%m%im wmm awiitsofitil ttirMaiafttrloailr im 
stuMMr««» rtiotowitiiif ii«iiii m i « r 
osll emomtmtitmn^ exptmM in »§ llty* aofeA&i^ 
#•11* «i ^rr mtt j^r %tt3t»m A •taaiStef^ etmm wm 
fr<Ni rtftding* df of « 
m»pm9%mm mm i^mpm^^ igr iiiirfoiitiii§ 
m Htmrtt wlilni tlki^iit* mter M 
r0sii»f£!(iiatiig til a t s t t l l ^ u t i ^ o l t of mrnm 
nmm «<iic«ti In mim At iM nvAtialftiii 
t& nonsMt M mtm%tm mm ttsiaNr^pi 
a ^ jpi^tme^fioM .flit oitiMMii^ t^  
At M m t e l t i M . mmmmm, ^ ^ oi^giaisit u mm 
mmMmrn f««tt» mitilo rod Miuitiii^iig jEiy iHsem^i^uHllr 
in I t fount Atior a« gtwHi* 
Wo •{»oro foxiwittim Bnwfmi^  eol<mlos in iii i irl«af* 
i»o«atto«<i£iir "ra^ llltm^^ M i^Mr iif« oimniar ma saiool^t 
In •tmllgtet tbo oolonte* otiim fluorosiiwiiot* 
vtmirets m m osiMiifioa In ttm ooaoeitifttltoii of 
Cv/ir> for Itiolr • f foot on mlmie cvowtii 
stortto Mltiofftl mMnm S Cas «l> ooatftlntiig 
4* l ^ t i n ^ t a j f M i t l j r e im t t f j r 
290 
mg VRV C£LL 
500- mo 
/ ^ 4 ^ 
pB ilii]ia» In s i fMmim mm ittm 
i^tti o*iS Hi ocii of ia 
hmxw 0t4 wmiUtinM^ftmm «iiltiir«* 4 
lii«»ui»«tloii mt i n * maSLitr groirli i 
imm Wm inttM mrm 
tmm f i f r wdigHt i»f o f fa t i t f i i 
fitd tf^toi' groNff^ of tun Qr««tiliia on 
m& af tn* nmm 
$mii!ti«t lft«t«i^iiig ^otiMftittii fittmt«f assaitlttii 
^srdr^ geii otilittmtot ttmniiitui oiH^rli^i mman^m 
ana i n of o M 
fo r i ^ l i r aMl&tif^ to tastoiiiitn 
i i i t f« t«« iUtl tlk#«t j|^i>eiiit« mim 
tmm^ iii$fNt»g«ti m4 »upp0g'%m t to 
crovtti of iti« oifittii&tii ii^K 
<i) Hi^tli •upplt^ 
iidiit«it v i t l i tirai»»crr«9ol «• Hmrtutt 
4 3 
m tu 
i f l tQi , tl„yitrlffiai„„figiriii iftlftr, irotittnfitM. 
fik« mm In m% 
Brnmim^ m%m iimmrn tulA 
m m t o i fn.a 





fA A w&tmm wSk of timlll&ii i^mi i^ 
#f ioa m% gfl^oywif fliuitiy mn%tM>.m t^ ^ ^^ 
iiit]f«i«ti $mmw m tn^im^^^ mm tttfp'ti^alli^ 
immlmti^^ wtm m ^ ®Qiiif»l«at of u H^aim 
ftit grovflk wm mmm»& tttrtiidtie^ 
tries!I|r after 49 ftonfUt 
mux QM tM<lk 
(»§ iiwy mtlm/t^ 
Awmmim n%%mim Bm 
AmifflfiiiiB o!ili»ri€ii 
AsMDiitita dta 
AiHioitlilii ^HoiflMit* 309 
ttil»ef io> ptm^ mm umA for Asalintiftttoa of 
eftiri>9lirdrsf4is» m^it int wm 
imt iltid0ii#« gaUmt&m'f tmim*m»$ 
tl^ eoBsorfe^  «irti»s«i imtm^^ m<sttmQt rltHito, A^rbiioli 
||,q|itofl#s i^ lat la t ^ l f o y n m 
( l i t ) • .»ri«iii»a mtm wtU 
m lli«ti« allfc irtilisli fktmit M hmm^ 
QG^trntm, urn 
Mrn&Mm tit mttmt^if * wm m^im^ u 
niM^ im ^ ^rotli* 
in w&mt 
wm of prodnotQc nsf^roivii snlpbl^ iiaa 
For ol&mitiii^ iiiHiiiitifli ili«) ftff«oi <»f mtimm 
i m ^ m m girovtti ««s stiidtd^ 4 t l tUt 
Ii0tt« m0»it n o i i a i t i ^ f^t iO^ vtiHtxtl^ rnhming afil«$i» 
sdiitidttta «tl}#rvt«0ft ftie ^ t tH rtel<t in 
t d f ^ of iHtief j&tllK p^r Hk^m ilUidQitt iiifiiiDiftti^ wm in 
ttieiKlleif irolwiw, «ttiiSi«» m m ^miti^A m% tn gm 
Btlmmimr ftmm f i l t aa witn m €l<tti<»tisiNi um »m i^xmit 
mm%n0i m^^m i imt i t r tm i^^ r t temio 
$%nm lti@ i f w m tttOfwuieA m cNHei^i, n i l utiitlo* pmr^ 
liTlili Cibt stmum/mlmi}* 
wm «t {wM i ra i i l l t i i 
&m tii<» iriEaillli} m»mmtmt%m titjr^^d i t f 
%tm ^emmrn&m m»xmimm^ M^ iw/w} wmXUixit 
Htm mw^ tB 4Bll title tttndl** th 
im to •h&m tm fnfel© wi «ii« 
.^Mai^fft l l f f l gjiemth 
m ir&gojfotit butmm M wtm MUIIMOI tfoirtlt 
vtti iHmtigSlcytti t i i it vorle* 
4 7 
fA&UB m f 
. l lt l ia 
tl»9 t lai*« m t f i m of 
wmittiM im t& m wttftnfi i mr» m&pu&M^ in^iN^ 
latea Hi til m ^ m m i&wm ifiMis.111,11 
ealttif® nat for ti^itpi* mm s^wm 
Vaall l ia tim^rnmtmUm fotm f ie l i l 
JM 






mm •nm m tor fftDle t exoa^t iHftt 
wmtttin mm e^t IHo t0m% of im/w}* tim stt^m mm 
immnm^ ultttf i4 liotif« tttmitNitlM ^fmtim^ 
mm. cms 






m ^ g « vu 
fl^t mm $mm m tm fmi^tm tl 
timt tftie pB of ^ ^ MdiltiM wm wmet&6 m4 «§ 







omtininM m jti m%e vattiltio to nalt lifiittfs 
B iNiiyitig im tn^nettn^ m 
iioiif« t m i i l i i a - g m ^ #911.41 n idtm iri»ltMd of 
tn aft* mmi%» m tlioim in Ftg* «ii 
M l Max tag tbd ealtttini •»Lt«r«<S in l^s ptm^ vA^iii 
i ^lepoiidiiit <iii JLtt^ euinsi mlm 
ftoESB^ mm wt^tdM tioitpi# M Hi^ir 
#f iikcMi«St«i| anit« wm 
imt m^ toUHk m%% fUM mtrntimmstf pHtm wm 
mlmmt tue 
wm gg^mm far $ t t l t t t f « * ef itm t m t ^ r i m 
gmm m wmitUa a ^ mtiima ^m^marn mm «li9im 
fald* fUU f ^ re^ loB vltti m^m^ot una f^ret&m 
not tmem^m of tii» htemm 
ml&g^ pmmem im Wm mtmmt and 
Sf vtrtn* of mmfimun(l^u^t i i»t§d at^it^ wpgmim 
hmt bam M m U f i 0 a t# 
BffDOt Of ifmottliiii m gt^wtli* M 
aiffereut time tfilervals tn^ 
WM MmtmM frm turHMty mwmt^ 
mmts^ liog mpt0$mlm log of m 
milB per Seo text frnt 
A « t « 0«84# m ^ ofiilvaloiiVtlftik 




fi^mM m nu 
m i l MMM Mtmm'm.^mmm. _ 
nmHieMniA m% B m^ wmtyim om^n* 
iwmnm &f mt pa f«0 m m 
e^pif^Aldiit of te ftmifii «Qitaf« mm 
lii<Nstatiin» ftm grmth wm f a l t m a mt im * m% 
m U t m U .,.,„„lKi„M„-, -,.rMlt,In,,,-, 
ii»aii gmmmtlm tie^i 
ir«iituiii m n n 
^rnm^u 104. m m 
m n n 
m ft«t m 
90 m m 
^•IWOftt* m m m 
StlOOiQAfU m m m 
3S m m 
53 
UmwrntHe.. Hmioi^lfio ftxporiiii&ats w&m 
mit mt dt^ in a e&mmtimeA Wi^lmrg ttsitig 
irlttgie araeiA fl«sli «liiilct<l at iOS pm eitiuite (^stbriot 
W t K fdr mm^n aptafi^ tfte <s«atlr« ir»ll 
timtaim^ nf ^ soa ana » aaiai JPOM of t t i t e r 
^ pr^iimiiiafy slio^a tb&t iiia rate t»t 
oxrgeti i^^ taKe proporticmetl to lite 
iseils foll«»wliig earbon #v9ittUoii 
<iiqrgen utttt%&tlmt wm ^ ^ t ^ d irm tiie 
eeiilre th& suMtrale wm ptmeA in tue mm An 
lotal volnae df 0*3 nl (pa aaijiisted to f^o with i f 
iieeeaitiuT) vltilo tlie nain oompftr^eiKt eoaitaiiie^ mil 
»ioft in i«d isl aiaeral »alt m&tm For en^geaoae geseous 
ea(otiiiag0| water tHe ^^iuti^it* TI10 velttes 
reported ore mrefvge of ^pltoete eaiperiiiieitte eorireoted for 
etidogetioiie nin* 
reettng«cell eaepenetoa gyoro oar&on 
In order to gain iafomatioit aiK»ut tbe iseohittie« 
of degraAatlon of iraiiillio and tiie aj^oif ioi tr of m%fm iadue* 
S4 
t i m f orgonlinii wm grown m •aai l istei p* 
prototttltcrtmaftet 
end In turn mA Mi^omt&H in tim late 
nxpoiid&tiiit plmsfi of gifowtb* fim imot9ri0 m m mmima ma 
%mir Bhiliir to oxi^iso t^se ismpmm^ 
in « fiodifin dlallar to tHat mea for grotptb* M^oagU 
I 
i t is m% n^rrnem pfctottoo^ imi^iratloit was in tti® 
ttoaiisit oa^abio of ^^pportli^g ^ m t h sine* I t was 
i»tJloipaile« tlifit tfce petttema of omym immtim mul4 tm of 
m m<th iatost^st m ttio ini t t i i l mt^m. o£ osqrgon III 
my ottse i f Itr ttoaallsr Mff iot t i t to «iroId 
tiom mm im mmpemtmBt ttfiIo^# 
prot&ia 9fattm&i» tnliiiiitors micm ooodt flt«reforOf 
oiiloifiuai>ii«tttool vmm also to ftn^ tuolr •ttoot on 
rato as m l t m total oxrgoii ii{>taite« 
W yaatUtiia^ggtw oiili^ . m aiioifa to rigs* f , 
9 iui<l 9 iiio oalte oxidiaa4 vmittin§ <raaill«tot 
protooatooiiYiatOf '^-Itotosltitarat^jmlfttof aaooioato 
oiia aootata ivitlioiit lag i^oroaa oatocnolf p-^iifdroxr* 
t^aeoatof beuxoatot a<li$»atft« oitrata {iii4 iaooitrato 
w«re 03Kidi«04 vitii lag* 
oxidati(»i flboifod a biptoasio pattenx« lo i t i a l i y i t 
wm oxidiaa^ nfitfiout log tmt at tor 20 Mian too l t« 
fortiior oxidation «a» foltovad vitb lag* Alttioiigii 
rigttim 6, A M i i ^ of mtlilimrngi^m 
ir^uitlliiiy pw&tmutrnimm^ m^ 
EeoUi y«rl»arg f&ttsk 
4 Mi aiy e^lirotfitit of irooj^titt* 
gtmsa ona a B0I9 
Ik » t • f a a m i a 
B • • , FaatllatQ. 
0 « « • ecileoliol 
300 
45 90 /35 
Figttjf© f , i i M l i t F of tuni l l l t t -gro i in to 
^ttiieoft^* SeiQti ffisurlmifg fliMili 
i ag of imtgiit e<|ttlv<a.ttiit of 
g r o i H E t m l l m 3 ; t t m M t m i ^ * 
A » 
» t 
0 . • 




r&gmr0 AMlitir of ot l ls m i ^ m 
immoAtOf m^ 
iMeii mjttmrg^ ftfitnii 4 tig dry 
wdigbt o^lvoleiit 9f rrnxUliximgwmm oell* 
mm 3 jti 




mid Bmh l^rlnti^ 
tlmk 4 m ^ w9%ght 
of '^ mitlliii'M '^fQiini m& 3 p. m%e 
imlistrAl^, 
B ^ ^ i, 
6 « » « Sudciiiiiito 
H t t * ottimtii 
• ^ m 0 ^ M^tm^ 
F « » « 
55 
r: g >u ^ 
mmtwuH^hfrn^ ^M^eaUltnt ma 
fritnout log 
imt t l i« i r oxrgQit itptolc^ WQ0 quitQ Imm 
mlf til® 
d i ^ e i i l & t e d i r i i | , i i e # f i i « log i n f O i o o x l ^ t l m of 
aitfste and isoe&timto ma^ ttku in&tm^m 
of p^raeime ftsrst^ai for isim entiir of timsis 
lasi^lfi %tm 1$ wml4 m 01mm latar. 
%imt tiici o«||ii grom on ettmtf^ tneioieod iacmitrate 
im^ Gttjmte vltlioiit 
In t^ ffos^ aod of n^ pur^myetn or 
di»ttroptieaol« tli« tato of oxiaetton imr&mm from 
0 M notes to i l ,14 itolos oj^gon per tiour s>er istii ooll* 
fiio to tat os^ rsoii npioSte idlto iiiore«0e€ froa 3«S 
ttolos to ji ons^ gea per iBg fiolt# In pmamm 
Of d«44 obioroeis^oiiioiot rosuttt trore 
otitaiimd for tb& osidfttton of rm%liin» Um^mrt 
ttio lag in tlio ojri^at&ofi of 
proloagotf la of otilora«plioniool| utiioli 
•ttggottod tiio inanotiire iiatura of tbd 
iatroliraa in oKi4atloa of ftia 
atigbt tttor»a«« in rat« m» noli as total i^ xstsm 
ttptaKo tn preeonoo of tikos« tahibjltors my tm to 
tii« oxidatioa of tn^uritie* a9flooiate<l wltii tHooe 
iabii>itor»« 
6 u' 
iii} mm ^ iTattllltii, vaatllAtt, 
bf^mmf^mtmte mm meiM»04 witHmt l«g« 
iTttaltlin tti« oMi^U^m af 
t^tsr tout m& quit* lesn 
m^ mm again 
wim tm iO iih ^rm ma mil m<mM 
priaeiplB of ^Sistilt&itieims ^iai^lMiticiii 
mt^ ^ Asferfnd ^b^t and m$00koM, 
am nol m Mmat pAthtmy vanillattt 4#griMtii«« 
r0i|>Oiiil«d immMe^t^ mi&mtlm 
m^ (^"^^ydirox^bom^if^* kike 
rmiltia ma oeIle« itieno mtl9 
mimsea PtmUllmt 0*wmiUin0 mmtmi* 
mt4 wiMmit Ian* ft& tu te l 
tiptoisdi rat* «« m%% m pattern t»f oi^gem 
tipimse m» also sistiar to vmihtim «xii$ 'raaUi&tow 
grcnm A$n$Ln oatfteboS m» i r i ^ lag 
tz mi t3>t ftlio«iii« timt ms^ iio« imi 
on tts» dixmot pmtJaiw^ of p<Htiy<irox|rtMPiiiitt]ia«tiyd« 
i^iKitlStttt ircaillaf^t 
mtmhQl ttad isii^ ti iftrbtifig 
ttibilc oontaimed 4 
iitiliiitirtil^* 
4 , , * ir«»4iitoi 
B • « * 
^ « « • 
B m 9 t Q&tmhGl 




t t . AHUity of v«iiilI«i«6«-groii» oolls to fmt&im 
fiMirCtrojqrboiieoiiee 
p^y^itaxyhmmnite* Eaoti fartiarg fl««le 
emit&iiiaa 4 «$ (txf e^ttiirti^tat of 
o»ll8 a n eiole mtmtmU* 
A . # • 
» ^ • • 
• » 






n%tlm to mtmB» vioitlliiip wmlllmU^ 
^Mfmttliu «m mrmUMd^HQt BmH 
w&vmtg ilmU *»muim4 4 og arr migbt 
md $ m 




Figure Ability of 
In QmMiBQ 
Eooli wmttmr^ flusls o<iiitiil.iie4l 
4 »g ^nf weight e^al^iAeiit of iMiF^s'^ sir^ 





iiit) nrnmrarms'tmmmte^x^m.peil^M * Siniittr 
atiQVo obsorrattoosi these «f»ll« fmt%%iM§ 
i^imltlAtiii iMrmt l l ia and mwe^ 
mtmmt fUe mU 0f oxidation 
ana of ox^f^m dj^ tiilSQ mm iilotitieidL* 
Ad prni^^X'mst^mm^ nm vtmrnt 
l u g , l » i i i i » v m l t l t n wmkilMU gronn t&ere 
wm m of 
Mlmm W ulUiiMiti^n to tim 
mtmli of f ^ of tii@ imitui t&f iit@ 
lOMi mm 
wt-Hi ^tigge^ftog tluit tti9S<» eam&mmrn m^ 
m diiPcmft putUww for of pm 
Cv^  - oxfdfslag 
abil i tF of tii»»« m^ s •tml.&ar to vanil l in and 
ymiillate«*>groifxt aat|« aaeaapt fiiat {MiarOroj^liofisal** 
deiqrOa osiAatioa lUi! aot sttov a tilptkii»ia pattara 
aa^ Ilka aalla, 
m» oxiitisad vltlkoat log (Figs, 
tr« 18 aa4 19)• novevar^ tba paFceat <pidatloa of 
•^•'I^ droiQriMmealdalqrda aaa iia3il«mi| imt rata wm 
lamr aa aoastarad to 
Figure 14* AMittjr 
to oKi^ise TonUiln* p ^ o r o x f * 
ilmU 4 an ^ n^igiit 
sniisirftt^^ 
& ^  f ^ {FnftUiiii 
B « ^ ft l^aiiillAtt 
a * , • ProtDoatMitott^ 




to rnimm ^^vmUliM^ 
mmtrM^W^^ ana Bmh tmri^rg 
t l m U mmt^iM^tk 4 sis ^ m i g h t o q ^ i i m i ^ n i 
B » Ofttsenol 
€ • • » 
S # • « Oofuntlllii 
2S0 
260 
Flgjupa Skhntty of s^oll® %q 
2 M mi^ Bumiimu^ 
A » 0 * 




Wi$fMm £7» AtiiXlty of to 
vonitstaf v m i l i m t & ma ^mtmmt&oimat&i 
Eaoii tar lmti flask G^mtained 4 ng 
e^ulTas^at of pmtm&tmhmt&'^grem mtte 
m4 B M mt& m m t m ^ t . 
A , » • V r n t u m 
B m » m ? m i i M » 
0 m Bmtmmi&Qfystm^ 
IOC 
TIME (Mm rf) 
200 
Figu]n» Abi l i t r ot pfotiKjatQ^litiAte-gxtivii to 
^ t t s a a t f i * S f u » l i t f t r i ^ j r g tlmlt 
4 jRg a j t f <f>f 
A « t # Iferfttmdt^E^ilt 
e • » t 
50 
T/Af£ (Afwur^) 
Ftgar« Aiiitti^ Qt pmtm&^hsmii^^mm ndllt t& 
l > e t t i i o « i t o o n ^ o a t d o ^ l * S a o t i W m e m m t l a o l i 
o o n t i i i i i ^ a 4 mg, darr n ^ i g t i i e q u i - ^ e a l i m 
mllB mi& a M mlQ 
B , « « 





mm oxidis^a wtim Im* iiKSienting 
tfoesd Qom^&mm mey m% m m tme airoot 
m & y o f t i i r l ^ i i t l o a * 
- IttlioratoafT 
0f emtpm nem Iteoii ntiioi) 
t ^ r e n g l t t l i « m i o w l c i g p e t h v i r ( M o t S t 
t t f t h 
I t nmtf iiiei«ofor«t mwtimMl^ 
Ismitigiife pmttt^m 0f nw^^n 
WMem^mmmm on 
AS atol0 8mif«Q« (F&gs* so^ una 2a)* 
Like MtiyoiaoiMMifr t ^ oolls 
P«<wia0M0tta« mltH9iit lug Imi prt>m 
tooafooiiitiita and iraaitlAtQ w«ar« wltn 
Ttie99 eall* tiovtimrt aii<S l»eii«iil«» 
<l«ti3rd« nitbottt ].«f« ow^Aiiitlifi WIS not oxiilifted at 
m i «iid osd^tion wm very poor* pm 
FIgttre SO* l l i t l i t j r ^dlls 
ttaii is^ti mttmrg 
iimk omt&im^ « m^ ^tr w^igm e^uitesim^ 
of i m m&t& 
A • f , i r m l l l l a 
0 m * 4 i^rptmatmmm$& 




Figttr« 4Mt i tF i^ iiaidi^ otMrt^-^rcKifi <10119 to 
tttriwirg «3l&8fe nmt^ma % m ^ty mt^t 
0 ^ sioIQ mimtmi^^ 
s * » » vmut^u 
CS » » » 









Qsldisa spMbydUetkjQrtseiiiiai^ ltjr^ i t^te^tmtm 
E«cili wmttmw^ itmh QmtxkimA 4 disr 
md ^ Buimtmim^ 
A m ^ m 
B « • * Vemtratdobir^^ 





witti tlnlllca j^ cHuromobmiter* 
iansioate emi^tioii stKitred A Mpimio i^wm 
i t mmy ^onoliadefi timt t{i« 
voy of twasAldelirde oxidation in is 
aifferont thm operative in 
mmttMeWae mm ojciiti®^ vlttimat l a i slmirltig 
tliat tHo ensraeCs) iiiir«ilf«d in tlJte ^xiiSiitioii cif 
viir&twolA^hrM a»« o^inmiliio mm ©oastttwtsiw 
(Pigi»» aeid Vmtltm mt0»tim is i^iti^ d A 
tttpHaslt lattiallr At mm vitUcmt 
tag i«tt tt» tJirtiset miAmttm mm foiloima 
iritb t«ig« fM0 liidieAtod ttiAt 9<iis9 of l)t« 
in lAt«r uiil isntioii of n f^ i l l i n ord 
ITmiilatHi p'^i^^vmy^imal^eW^^ protooatooiRiato 
were wi%h 
fiK0 gJkmm^'^Tmim oolla vero 
for 30 iiliiut«» m& tboir mhittt^ to oxidiao imtiiliio 
wm vi th ttiat of oolloi in pxusotioo 
and A))««fio« of otilofimpiioAiool* Aa 9tmm in f ig* SO 
tb« lAf in lii« oxiaAtioii of ^aaill it i m» 
whm tuo iroro 03Q»090d to iraailiin* la preoonoo 
of oniorttMp^oaioot tbo oarj^ oaed aa wall aa iiaaiej^ oaad 
oolla lost ttieir a M l i t r to oxidiaa vaai l l ia aad i ts 
rigttr# miiitf of giwat^^iftowii ©©its u miMm 
Bmh Wur^irg Umk ooatftiiiQa % m ^ mlam 
gtmm^^gmm ealla mci a / t 
4 « , ; Wrnuxm 
» • » • rmii i t t td 
€ • • ^mmm 
260 
r/MB (AfmT£) 
Figaro A U t l i ^ cf glaft^ae-'ljrossfo 
o- imai iutu m ^ m m t m i ^ ^ W ^ * 
fmrtmrn OiwilK eontfiim^ 4 m woigtit 
S jll 
A • # # ji-^drcmrfitasaidQl^r^® 
C • ^ « o-^faamttt 




Figaro m ^ i to t i^n 
vmilltm fir ^mm&^'^ma, flK^ 
^ « « » 4 £ig mtlm to '^miiiim^ 
a ja m&t0 f iui i i l in 
C^  « # » 4 m oellcr 'f' @ M Vl8l|.£lill • 






wm teml ei Hit 
I t of&^ t ftier«for«9 lie «oiteitia)Od 
QiiaiyaeCs) JLxi vnni l l lJ i ^ d a t i i m tird 
J9ftUM AS laonW^M earlier for 
vi»illtiiiwgir<»ii eitifttld maa isoQltira^ti mm 
i»3tidtjiM vim l<i« 02rii!fttl<m puttoim 
irHBltltii wai I t ^ 
eoatottided tliat ttie ts poteoUallr pei> 
to ma tnmttm^ and 
<»f vaailXtn joactdaticm are in^uolM^ vbieii is also 
trom tli« pattern i»f i^q^gaii npiaif^ of 
oolla tt») effiNit of protein a^tltosis 
inliiMtofw tuo oxiaiatttg abi l i ty of tboao oolla* 
fo faoi l i ta t * tbo urisaallsaUon of ttie oniOidliig 
ali i l i t^ of tua grojm on variotia substi^taii tti« 
aata ^isoiuiood aDot^ lias l>oea sitfi»iartsso^ ta faMo XK« 
ma total oxygan aptake aaA oarbon ovolattoa 
fox' eaoti of tlia aabairate (2 jii nolo) for (4 isg ory iraiglit 
•quli^alaiit oalla) oolla grown m tmriouB ooapoiutds va» sano* 
rigttrci adt Mmtm^iimmk 
'Tciiiill.tiit ipitnito O^Wso^ttf^t*. %msU 
WarlmzB dasH ooaKiloed 4 og wolgjut 
^quiiftHmt 0f &M9 ana B M mlQ 
A » * ^ fantlltis 
B * « * Oiiiot® 





fAf l l iE - I X 
1^,,, 
mmmim 
the drgaitiatt mm gram'm 9mh ^oi^ Dtimdf in turn liarvo»ted| 
m4 %im of %tm ^rgani^is to miMm "m^ims 
avLtmtmteB mttm&teH mmmmtHoMr i'^i.&^m 3 « 
tlie l a i t i e l mt^B of ooitsfiai^ ti'osi 
ipk sole ^ e«ll. pi mtrntmU^ 
witli the euiiogcsiotis ratos iial}«tr«usti}d« Ttie valti^i in 
ropjreseiit mixtion of uti'tistrate 
m ^ mth9& imimB^ gBmh 
0 * Zsittfdiatd AQ^  oowplote utiliBftiion of oftbttPAte 
m immM^rn^ f0itmea iBg m&n 
utilitsfttioa of iiQt»ti«it« 
h « lag foitovwa ooaptato 
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l a If*» 
f a 
o (1 o 
imretliiQttfd* mamt of oxygm re^ttirttd S&r 
of fli0 «ttt)«frftttf for o<ifflp|«t« <»rldiiUait <i«r}»oit 
«ail«]f wm tbdoretioiaiy riroia 
total oa^gen ^ peareeiitag^ cixidfitioA {»f 
mm ei^enlfttM (fi^bte XX)* fte tiiiltiiio* 
wamuv^ ansiailation <Ciift<m« i@40)« 
file isielQliiomtirr tiitai ^^gan ni^ ialio aa^ onrt^ii 
i8 in uptafee 
m^. sarboit dio^idie va^ U l l tue rAto of 
ftieoliangii e^fml eaaogea i^as* In m itttespt t<i 
wilte iialoneed ^qmMm for t&Q oxl^at i^ of 
tral0®f I t iiit®r«»ti»g to not^ timt emh auliistrato is 
nxldlse^ to « proHNiot i^iob t» at @m& oifi<Satioa 
m m m * 
issssss* 
%%% • ^ Cctta0)3 • 0CQg 
Mitlfttftt 
c^ H^ Og • Ojj • * 
f JilSUi « K 
fit« are giir®!! in ttie ^let* 
ftoYife) mm 
totei 02 tiptfl^e total 
CM mum %/pt. ffloi«« mjp. 
mff%% aole gm^trlt^) 
Vmtltim 
Faaiitiit* 






t . t 
o ^  
Jmum. i rm, fmmw 
3? mg axy of iselts m 
I'lutilltii wm ifieiibAtea witii tOO a® of itmilltn^ At dif** 
iitiertals sitltabid ftH^uoti m m latc@» imm tim 
ift4Sii1iati0]i mtmtamw ftio m99 Inmttrate^ W iitatiaig 
md mm eictroat^il tliree tim^n 
wttH iO imlttm^ii 9f^i»tiieri ©vapomtQ^ tue reoi^tie mm 
iefoofoil 9 iiliiute* likoaMlloii KiK 
l&eii iH>irciiillli» (to ;Ei ttolo) nat ii9«ts tii plaoo of 
vmtttin^ fsm i»rooo9tii»£ ot i^o iHiqtiotf m aosori^^t 
am itimiioiiii spot in solirfmt nrliio^ Ho 
o«*ir8»illto mlAt onto of iromtmltSoii^So i io ja. m, 
pfoeitolio opot mm «}so i^'tootoA @liloti ooul^ 
tliiit of tnmmtWQ ilmsmmr^  diio to aiiovmilabilttir 
of mt^&t ie o«iro»lllio ond isoipmiilllo m i M tutttmr em* 
fl imiiion mm not posatiile, Oortvx'igiit m^ Sioitti (il,9df) 
lioiro roportoi tomRtim of isof^oilli® ooia wtoon rssliag^ 
o t l l »mpmsii>ns of yooo^kmioit^  fl.iioiPeaooii» iioro oacpose^  
to Toratrftfo* 
•To ftirfHor ooofimi tbo foratttion of "rcmiiiio aoi.4 
froA vanillti i , 2 t i t r e of irfm&liisi liroth aftor 84 liooro 
growiii of the orgonitim WAS ooatrifiigo^* fiie oolt^^froo 
•np^mmtrnt «ftt mtrmM W permim^Mtee ia o liquids 
liquid ooatlnoons oxtraotion apporatua for 4 tioara* Aftor 
86 
f&m^ m x% 








0 0»t6 veoii i in 
i o.fe r ioiet tmtllln 
H Mm 0»80 rantl l io aota 
0.43 Van&lliii 
3 taniltto mi& 
MB tmUlim 
Id nui&t femillio aoid 
&«48 noiQt V ^ I I I i t t 
o 
O 
mttpemtian &t tiio «tti«r resiHuo wm toifiii ia a aitaiiiiiiii 
v&ittm ot it fsHU paper cUrmmipgrnphir -of th^ 
t m tm imaer x 
two Bpi>t0m OKI® of vpots tia^ fi^  <»i>mapOfi4tiie 
t& maUi i t i aati otiier to intnUli^ mid^ m&9r tu& ismsitiom 
of 9Mperimiiti ao MImr p!Bmoti& mmp0mi$& In fablci X 
of 
m m grotm tn vweimtf oultm'& brottmf m im i^*^ 
for tmim$ ti%nr#0t0it ana iv^fisa four Maea nrJitli 
msMtiod wat&r- and mima.wttif ^ma p^miar mg ^^ 
oi hmttQrim with t gm gifuit p^ivdor) to weds* « j>it«te* 
flit® «iid ^rim&M^ in prnvAmsly cMlloA mrt&r for 3 niautos* 
After tlio a^dttlmi of eppi'wiiis^toly 8 sit of 
titiff«f pH fpO gfisaiztg wm oontlanod for aaotlior i mimttm^ 
f ^ ooil d«tiiris W oontrtfugation At at»o»t 
16000 X g for 10 iaii»itos« f&o i^sootis otipomatimt wm rooon** 
trtfugod mt t0OO0 X i for 30 
Cateohoi with ZxttmU 
The AbUity of thm wmilltm'mgrom oclt-^frto oxtraots 
(p r 
O O 
to osi^iSQ vcmitllnf vani i latt , protooatooto&to mti 
mm in tfto ^rlmrg dp^aimttts* Xi ocmi4 mly ^mlM^m 
(Fig* a7>« m e Husg^stad tti^t eitti03r tti# 
emymM inimlv^A in the <iKia{iti«iii of f iui i l l i t t i 
«xid aikteoibol imM Hotn tneotiimted tauriag tits 
mlirntrm or &r m^m of oiisimCii) 
tile t&r tue o^^dttoit at tlmse empmAm mm I f 
ms luteins l i ng to tttAt altbdogit nas iippairetttlr 
no ws^A eon3ti»pUoa irantllln wm m n «tiii9«rat« 
irnsiltliii iritnia mn 
eolDfiBiotrioaiir C^rl^anaii aad n&m^t 
fftomfoi^t i t wati oimolitdad tbui tm mirnttm 
GfQUm rseapdastfel® f«r t m re i i x i ^Uo i i MASPii wm tnf tu f i -
imied aiding pirepiurtttim of eei^wfrt^ e^trnet «litis!i 
HAST'*' eimv^rsiom of inmitlin io ^rttnillle 
fHo t m M l U f of inuiill i i i oeil^froe eztriiot to osliliBo 
ipatillt«te miA my dm to i^ fiio iaaotiircitioii of 
enejwiiCfl} iairolvet la oaci^atioiit ilariag pi^patmtioii of 
oxtmot* fho foiloving oqiiatioii my oacplain ttio 
ooiiY«r9lo» of pro%oea$e<itiiiato to **o:ioa4aii{»at«t 
Protooataohaato P-cartoy ^ia-^la-muconate—> —a-.^ 
I It 
^Mjxoailipata 
fha ooll^fraa axtiraet oxtatsea ona molo of protmat^mmU 
rtmm at# Cfafi«ftttoa of w 
^xttmt of v^Uim^Twrn. ot l ls . 
mrmm UtmU in m totm. yoittB® ot 2.0,ml 
Qontaine^ 4,0 m pfattliiii 
ji» patasiiiiaa phmptrnto tmiX*r 
pB a M 
r/ME (MINUTE) 
J \J 
witti ttiQ <ioii«is t^rti<»i of one ml^ of oagrceii woiafioii of 
mn mt0 «f ear^ Qiii^  H I ) « iaeisMfloii 
ftixlurtt ft posiltviR Botliera tiyst tm tue 
fli« atal^ritA m%mmt eoniuiuid one 
ei9i0 of »ol# of wittioat «arlK»ii 
Aloieiat oirolfitloa* m&tm^s Imowa to inrntifats liio 
tt tlto m^mlmmtmtlm of '^m^mh&m 
ois-imsii^ato (MnoBonolil ^ A0 ooai^otf to tarlntr^ 
fleets ooatainlag ECU tboro wa* 110 otismgo in' Ah iTAlaes 1^11 
mB wm mttUii iwm flasiES m}» Alt tbo nmtmtg 
flASte« tlio s«t8o tlmu iioit»«ftti«ii« tuoro immn wf&lu%%m 
of oarlKxa ^iojttdo tHo a li 'ndtaas wotim Hifiiro npfrooifttiilif 
olidiigoil in ttio ftaties oo^tatning m WMh iaotil^atimi 
alxturo m&a noiitratisod upttte and tbo opoetr* (l^ig* Bt> 
rooorHed la Boolniiiafi nodol IM^^ roeordiits •pootropnotoMetex' 
wft» i^ontioel to that of 
protoofttootKiato mst&ikUm i«is pB ^pmd&m 
Crig« 30)* Bo»oi^i*f pfl ^ ^ iaoiitiattoii mix t^ifjro ttimod 
yolloir md slto«o<S tic»ai«*«iisi|riiatle ocstaatioa m ahowa tor 
and Ingwtm (i9S4}« fiio optiwrn ps m» founiS to lie atiottt 
for IsoaofOQoiis preiiaxmttoii of p]fotooateo&aato^f4«*^oaqrgofi{uio 
(ri^isawa . «il<t BagrAiBtiii t06d>» 
I t was intoiroatlxis to noto that 
fiTot axtraot dt^ not ozidiao protooatooliuate ttut oacldisod 
eatoctiol at tbo rata of T* i MOIO oxrgaii per Hour i>ar Kg 
9 1 
tAMsB m nt 
A. stib^tmte iixl4Attoii Aii&ti WatMtg flasle 
3m p. itnte p&tmBim pnesp^t® imtieit iiH f mg 
protein m6 imrious of i^jroteoftieoliticilo 
i m in tutai mlwm emtwe 
iretl <»oiitaiiie4 0*a ifil of iw/if) XOQ lasd ik snail rol l 
of ttltw 
Bm For oata l r t ie 3*4 isl m Mquat m» 
froia Wmtmtg flasic st ntl&r 00 isinotes inott* 
imlne f©r tfte Oiisiirred vatiie 
% 2 « fomaitoii of 
A* "iiiiMiefatd 
f^rotooatoohuato 
fumitiiaap jii mot OS z 4 
Qxygofi 
of attlwtrato 
OCU ovoltitloay iiolos/ 
aof« of atltiotyAt* 0«60 
B* Sati»o(3Ltt«iif emUXyti^ 
d«Oftrl»o«yl«tioa tit 
pr«»«iioo of 4«*«»tiio«» 
imttpFHat 
eo^ ovoluiiotii aolo»/ 
nolo of •nlwtrAto o* i 1*00 
rtguTQ OxtMim of W 
v«iiitlllii«ii<ci«ii eella* 
moh iTArbitrg tiasi^ ta a toteS v^l im of 
M em diMEifistiXdd mM pottsgiiia 
iMffor ^ « i i pifoto-
wm AgAiuftt nm tti UBtntn^ 
m t m for at 4®)* m9 mmg0amm 
flank ^ontataei no Sl^ Bbmma ttci (ksjpw 
oinisuHl^iioii* 
A • « n a«iitr@ ii«ii 0<H»fiiiiii»<i sA xoa 
0 t • « ip»ll ami&Ma&ii s^ mte^ 
N? 
fO , 15 
T/Af£ fAf/A/ar£j 
m» rmmHm mlic«or« in & -iN>l.ini« 
t*08 tag (ii|ttiiriil.Qnt ptfiMut ^ M 
t timr i a i U m H m &t mmU^u 
otxtui^ wm witb iy| midl 
to iS %imM MfGm tomm ^ ^ 
&pef»tmm m meUrnm mM SM^^M* 
2W 260 500 
n m 
Figure Efteiii nt pE cm of pj^ t^^ OAtmme t^^  
la % t ^ M v^Itts^ mt^  
ms»h Worlnijrg tlmu ^oiitaiii^d 
G^ttfr^enf ^ t«44 m$ protein m^ 
400 M nolt p&ospftiito iHiffar it or pS 
i^mtvalmt mmatt of %vim tidft^if} lA 
m ao^ (w/v) soa t« tUd 




^rot^ls* ffttt inQiitmtlQit oiasr g m p^sitiirft 
Eotb^ra tdift l^iii nmm W tbe AeearlHsisrlatioii setlioa 
of Si»lrii» mA S«fiiii0r (1.953) tlberat^d mTtma. 
ii«it««ii9l.« olis&nnitiottii angg^stei 
tli0 of into m& fortbttr 
Bhmm6 tti&l for ibunxftt^si^ite^^oim mt%9 3| 
t« ittSaoiMd tiiit tn^ isattee^dl ikxi-
m u m fftla nas f^jrtlior ooiifiimos W tii« 
ixMtitf of iettnaidelude gr^ mai i^olla to 
witli I m ^ ^ o a t ^ M viliioiit EQg <Fig« 20)* me ^imillt i i 
Q0lli«>fif«# f»c|<ii8ea not 
ftm iraaillid tm urtll osciOisttlv 
witti^at lag imt lug* Otsilet* 
ideatioal, ison^ltioii of t M gr&mUU of tSm ewgemtmm^  mte of 
oxidation of protooatooliQCitfi wtm 8 jt nolo oaqrgeis/iir/ag protein 
for viuilllla-trowa eells ntiaroas for eoll* warn 
f t Z M nolo 0xygm/br/mg profotii* fttoroforof i t isi^ tw ocnsoiude^ 
for ira»tIliii«»groim eeila tuo 
i t tiQti«*ifidaoil>le niiortiii ttm emym(»} iiiiPolir#d Im o«»fotio| 
oxia«tioxi innuoiblo* flm nmUlmtei-^rmm oell«>fr«« ojetriiot 
oxidised protoeatootmato imt not oateoliol mHioli i« in ^groviiettt 
to the •arl ior suggottioii for vimil l i i i gro«a tUftt for 
^rastlliito^iroiiii oolla protoo«toisiiuiito«»9i4«»i3tcucyg««tAs« i t uon* 
iiKtuoiblo tmt masymiit} of oattoboi oxi<liiti<«i aro tndnoitilo* 
93 
I t could tm »h0iR} Isr It&to gjfoitjp of Friodnaa Hud Haiugen 
(1940) l ^ t axtvool 
irantlliiif 
R^qaiiseii^iiM l^y ttiQ j^&m^mtm ..M. yaal i l i i i to yffliltiifs m i m 
m»ymQ iviiiiili tmsill in to tmiXlte mX4 
iifui 1mm W fdHtowtog $110 of 'ViRiiililii 










Vtmitlia Vanillic mia 
Ma »iioiro in falil,® I I I I ^Am mA QM mp&9wt to bo mm 
fipeolfio for oxi^tettion of fftttilliii to vaitillio ftoid* Otidftf 
tHe ooadttloa of tHe ostnar tteo of iriittliliit wm 
Itmar tip to 0*8 protoin (Fig* Si) for mm Hour CPig# 
TUv momii of iraniitin meA itt ttw inotilMitloa stactiiro bcw boon 
eetoitlAted fron tho wgIwb obtainod fron tubett oontiiiiiiiii no 
Ttio ineubatioii alxftiro oontaiiiiiig haw* was 
tointseil with Tricliloro«o»tio aotd md ooatrifogod^ tiio 
f\ 1 
J i 
fABI,E * X I I I 
fli« Mywtm til a tot«l mAtme <»f nl «oat«iiiGd 
a * A irimilliiii t o o p e t o s a l i t a i j^lmopHale mtiGt' 
pE f«0 mKl iig protatn Qiioifi^iattt Df m t r m t 
itwm vmillin^gr&m amme ctasftte* AMiUmm 
mm m in&imM^ Aft«r i hmr tiKJUbaiiicyi at 
i 0f trio&i&roaootio mm n^dit to 9 top llie 
tlo^f Utter Qditlrtfiiifiti<»tt 0*3 lA lat^aot ^t ttio sttpor** 
uatdnt wm mnlfm^ for iremlltin m ^ t m t m 
iiiS4l0r e3Cperiis0iit» Stiit^tilo oimtirols tfiie«ii to i^orroot 
for oicijft&tios» the "f^ms reported hem 
0^111.11 ia 
CJB. aioloa) 
Complote • nAW* Ca joL iiole) 
coiii»iot0 • mm* C® ja • 
CrSE (10 JQl Kolo) 
Goai^ Ieto • HAD^  (a jui »oIo) 
Co»pl*t« • NAD"^  (8 M eole) • 




flgttxn Bttmt ^rut^iu odnoetititatioii m 
irosilliiii oje&diatio^ fiid iioiipl^te B^Bt^m 
I n & t o l a s vo l t i i ra o f t « a til l ^ o n l f t i n o d 
M vsmtiliHf too ;tt mXm poim^tim 
pisosplmto iMlitf^r IkH t,Q» a M a<»l.« 
iMiQ&tm »mmim s»i fsciuival^^t 
of Qxirmt*. fhn ' 
mm m f o r 
p/?orf/A/Cn7g-) 
rigtire Effect ttm m ir@iiillia< fti.9 
i^ ottpl^ t© in m total m%m» of aa 
B4.M ittdlQ vanlllixit tOO jti siole 
potmnim phmpUmtm Witm pU M » stoln 
SAJDI*'*^  mg pratQia df 
©xtrettt. After nt tor 
perioSi ancniiit df vatillliA 
iifift m ^ f m l i m la 
falilo ICI?, 
50 
Plgtire 33# mit i i r t^ citirir# for 
^W^it^gemAts^ the evmttm oimisaiiiia 
sot n m i i m ^ f . 
I M mold In 3 the rQsoMo^ wm 
mmm^m snifihat* fixi^  
MAir rffdntoMc^ «ii9 im 
rooord ^ ia oaliiiiil ^awitir 







si>{»«niii%i»it wm «»tirciete4l mim peroxiae m a 
tiqaiMim^^ ^mtimmu »x%!tmUm tkppwmtm for t& tioiiTd* 
Tbe was dfioil «i^einstgtit| evapom^^ tHe 
mml^Bm W P^I^ER TMIT IOTAIP ohr^nmtiigwepUy* 
A ph&m%it mmpmm^ e ^ u i i r i i l e i i t to aoJl4 wm 
tJnt&r i»i growth of tiio or^gatiisisi aot i * 
v l t r of i ^ i t l t n HASP* <iari«oif^tiot«»o m» Hi^tost for Taaillato* 
gronn C 4 « t ^ ' r o n t l t l i i 4iBmppmm^hr/m$, proloia) m 
oo^ar^a to i ^ i l l i f i p nolo ¥{u»illl£t 
pmMn) mi oo l l i Cli«4a p m&l& mmUliu 
«lfiapl»oarod/liif/iig i^otoiii)^ .Etmiili^aog,, flaoyos i^^ jig .^,!** 
Qgi^tmigUt Btdth i i W ) Hairo Bkmm t&e mtmm gx^ap 
of Dnsttlliato t t t m lovol of fowaSijlolir^o* flie 
iraai l l la 0X%rmt of ygon^ oaiWiQa.. 
fojnsaiae^de in proaeaoo of HADi'*' (Fig* 3$)* ft&orofoi^ ot lilco 
ya^o^aoffi^ aft jf^ uo.rojBOoay f it guite l^ i^ ol^ r tlia« ttio ttet&oagr 
group of vaiilll&a to a|«o i^ oato'Tod at the %wmt of fotisial€ioliyde« 
n f , »is€03si0!f 
I 0 ^ 
Ftm itie studlGS m identlfieatltm &t tltv 
^rgmim i t liii« ^mm ooaoltmeii tiiat ^ ornatiigs 
to ^iBm^m^ssLm* 
Fwm fablen mid fl£ it tMtt 
0p%%0Bi% mnAitimn tmr tue mltimtlm m^pixiim mm 
30% pa «iid (wMmmrnrn* 
,g.it.» (Alaag i^Tl) p i^itcwio a vo«y po^r B&mmm 
0i aitrogei} ifeM^ 1?)^ ^9tm»tm aitrnte^ mmmim 
amsioiiliia fyis»i@nlt»i siapMtd m^ mmm%m aili^^i^g^ii 
mxf well f t t i f l l t!M ]iitrog«ii ra^tr^iRoiit^ 
file gf'dvt)! pitftmtesrs f<iif hmUU oulitir* of gmm 
011 irimtllifi m& mm slmm in fal!it# ill 
mt%0 ikrmth vltt i mtmhal wBsm m$ ditffti^ 
fflt^dH ti00»ti8e 0f tliti t»ro«it ^rodiieM In 
ftiitt is is iigr«e«0At with th» obser^aUtm met)$9 viti i twtoteyina 
i^mmmt Ho ln^ wm ol^ ^nnatf 
before tbe mmet of tto groiriti* la aoot oasot 
iioprtsaod growth o^onrod fit ttigitor o<m&mtraUmm 
{fiiMo inix>* fho aiff«r»it^ep in growth mt»9 
ivoro tmqamtly r«ft«ol«d in tito mUit of ojorgeii tt l^oice vitti 
vastiod ooli •uvpwtsiont ifiitHe IX>« fiie molar growtli shield 
was aaxlvtttt in tino of ipeaitliii Ainliiitii in t&o osao 
of twnsBaldtHQriiOf lMiiiso*tO| •ttooiaftto mid «oetaf«* 9itti 
c n 
i O -
vaailiatQi si^ Hydroicsrlidiiatal^ lelisrild m^ p-Hsriiroa l^Kmsoate tbd 
SPield ims ai^proxlemteli^ Uttlf of 
ror t!te exp«riii9iits ivAtit wmUe^ ^twpeniioiis flit 
aw^mimm m» firomi to tciim m m mmy 0f tut l ikely intent 
irti&e)! 0tii»|)ort«d f^wtm aiKl liarfeoteA in 
fit® a b l t t ^ <if wiielied na^teifial at isj^* 
to mi^m fte'teri^ mm testtd afUKmntrieall^* 
tn nm^B t© milififcjpft^ m i^iun they 
ItM h&m gmm gom m CKcrs^a uptole® nMoit m^ mm 
ih&t emym^M l^M 
vnaipiildtto)^* fiio tF^© of tn 
IX rtgs* 6, f ^ mtd S for mt%& sli®w foar 
l^sttenia* First ^ exBrngHliim tis?* vimlliiii^ ana 
i^rotoofttootmatt in Fig* 6t m tuaeaiato ma rai^iH n^teke viiiott 
of tn® isiiit»iiiiftt«»i retailed for tSm isjcidfttioii 
of ttittse Pifo(»unal)ir %tm tialaiioo of r«pri»<» 
0oiit#a oxidatiiro asstniiatioa C^iftout i04O>* la m&& wmm 
GMimtim is ^aa tltaa tbo tueof^tieal niitako required 
for ooiiple'la oxl€attoat tHa oaqi^ gaa upt^e tiaa tiaon 
as l»oo»|^ 3.flie (Koimeily aa^ F&mm^ t969)« saoond s>att0Jmf 
stoowi W o«^iraaliliai voratraidettydo* ai^-diHs^droxriwttaaldtiis^o 
aad ttff'h^'droaqrtienaoatt tn i^iga* f aad 8 waa an iiaaadiata liat 
l in i tod uptaka aquifiaoat to i&Q^ i and 
oxidation raspaotivalr* fho third pattern of oacsTgan 
i o ; 
tiott TO m liNi0di6i0 oifiVQ tif>liiE« M%mm€ W tttf 
ismptm^ ntittmrnttm to tUt ^ mt^ttm imhmm 
W f tti» f<iitrl{i nnii^rii m» a 
| « i fdaimrtd W mtm^Um of mtmUmtm m ntom w 
prniif&wm^^mmmlm m& mtmtt^l tn rtgii* # mA f i «til«Si t« 
e^iiAl u md dl^ <»t ^ Hm^i^tliMil value 
for <if t u r n ^mp&mm^ mmtime 
pmMt^ma mm ^tilalmd for viaiitlft«#i 
proto<iAt««iii»<ii*« mm utaoosft* 
ft^®^ Mammtt ft Utm tflkovltti i a t i lA l 
follott^i ^ isiooi^iott of ttm mmm%mm wm 
oHiOimNl ill oano of ooll lecA^itiQi mm 
t^) iHKt ^mmis^wmm oolio onidisli^ 
^rotoostoobiiiito <f l i * as)* f ^ ^iNiW^no followed 
l l o l l r ItiAt of BtmUw Ci9«f) f^o ori i inntlF timi 
Inaoo'liQii ta vinito •t^ttoni}!^ •lopo »&t!i 
of ttmsti r«iMitimi ootitif m tmanoor for tHo mxM m»ym ia thm 
liort roooailjr it Iioo Mm tlioiiii t&nt mnym iiiaoo* 
tlon in « nosikir of {MitikiftfM ( a ^ t o j r 
19991 f^tlmrml anfl stantorf ^toftm^im aii4 
t^m} Is tfm m o l i of ooor^liMito InduoUoa of lAoek* of 
onojmio oro ooiia«etotf iir oo^uonlial fHot^foro 
i t wool a im norlM&Io «o tbo {»ai««fiti of mmym 
tn&aoUm foif oooti of itio fo|}o«ri»i atatHityoiiii iwo^ for tHo 
grovtli of ttt» offwitoii* 
1 0 3 
<i) M f f l i f f f t , . , m ^ ^ 
aaaoMtrie staoiosi mil 
t i t i o a t i ^ of jlfttsr^ %% 
i^pfAfS tfiaH vanillitt is <iiitab9ii»@<l t^ t M 
p»mAmmm T!I« pmtbmf^ QIIOWI tmlitm 
^mtltim I, ^ ^rnitmu 
iB^} (33) 
^ • E - . 
p —^ Qumimt^ mid 
I h j i J 
^^ C^atfiiiiial 
1%) (S.) 
In mnt l l i f i pfiltnn^ s^t E^ and E^ 
td l» iiiaio«4l stttttItaEi0ini»tf fUe prmm^ 
nut S^ £itt4 mt also 
laasaMsSGElai^^ 
groKH im fHiydroa^bensailloEiarile 
•nd iK«!ij<iiroa^b«iiiioAt« t»Hidlatelr rapi^lly 
oari«i»ttd. iraaiittiiiy vmil tmU and protooatadtmata* 
i 0 r 
fh0 vm mite ttemi of tiio 
iBftl,!^  oftlotilated afsotmt for utlli8«tl.0]i 
of Mtlioiiifli ilie pmtlKwSi^  mroagu 
AT* iMMi not iNieit 
liorlied out i l l Setaiti i t lftferr«d f i ^ 
tmiibitioii pattern tiio pftt&var 
msHi&r mf mtUet& plotnrci* 
ana m w^ll m B^p b^ B^ m& ia^fiiod pm 
e^l l i e^iifiai A rs^IA oadi 
ii^e^iate aptalEe of oisyQon ii^oa beasoat^y 
4 
aatoabot aa^ i^aalllin nor® uaatt m ant^tsfatoa ittdioatimg '%m% 
liaaiial^ehr^a iit alila to iadtaea aas^ maa Eg, ^^ ^^ ^ 
1% also ap{>aai^  tita^ Curias tmaaaiaabj^ da oxidatloa oataoliol 
ma aot j^rotoeataairaato msr ^ oaa of it»y iataraaSiatos 
^efoira oimvoifgiag patlit»a|r of iiiasiotlatioa eoaoa lata 
of foot, mi» i t ia agraos^at vlt i i tlia fiaitlaga l ^ t 
ffiff^lf^yrQOTft ea<i t)oaso*te 
throttgti aatootiol (imealta 1« Eowavart aa altar** 
aativa oatabolio rout* tiaa tmm shorn W vorkera far 
tg»tQ>taroai iiliare baaaoala ia 4iaaiiiilata«3 tiiiroagli 
aad {larotooalaaliaate*, '^ia aaald aot IM «aa 
aaae «l ta irantltia strain tNM)auaa hamitll^Qbyiim^i^m oalla 
oiridisad protooateotuiata with lag ttstt »*liydirox]rl}aaaoaia aad 
oataaDol vithoQt tag« 
l o : 
From foregoing i t appears tJiai u^f 
Bg «tia Bg tB«a©e« isooM4ii»t«ly W eittosr intailliiit 
iranillnte or prntmAUGmaU* ^ lieliiiiriotiir of I0 trpl«it| 
<}f e(iii6ti«fitt9e tnttpie ^emmw iraatltiii ojsidieea irttHeitt 
lag mm I f fbe groini on 
©r glucose* E^  ©a»5?ite %9 i^imVmw 
«t«lt9 mm &rom <»i -riiiiitliiif iraiiitl<ite« 
^ifotckoateelmiite of gitiei»«o m^ nmm i» uUMm%im 
Iif is. TOsg^^ti^e ^^^ ewelit* 
tuii^a amtum ef B *^ E^ appear® to ta«iseiW# i r 
deltas «0il0 gwtsm m p^frn^rn^m 
osdnieed wttimut l^g 
mA i^jsiaise it 
tag* Byt B t^ E^ Appear to fee eeoraiiiatelsr iaaweedi 
ibrjr Since protoeeteeHuate were 
ent teg tqr tlte eeile gremi en irenilliiif ire»iIIMef 
s 
t>oiiset<etird0i p-t«raro«yt»e««ottte emi proteeeli^iimte n 
use ebierved vben giuoeee«'Sire«tt eelle nere ti8ed« i t eea 
oenelaaed that anil era eeerdtaetelr iiMleoed« 
file eteietiioMtrio atudiee ea goeeotie eaeeiNmse 
•uifeeted tliat vmi l l in t imailiete* o<«iet;egtfitr«let isalAte 
end eeetato are ojridisetf to « precltiot ef (CI!^o) uliieti i» at 
ttie eoM oxidation levels Bowiirert 110 atteapte were made te 
Identify the prodtiot fom»d« tieing reeting eeil etiepeiieioiiei 
/ 
i Uo 
rmniim hm hem nhomt Hm to wmiltmto* mm 
trattilliii m» replao^d W o-^aiiilltn or 
animowti phoao|4c wr# m t m U ^ mk^h not ^ 
identifisa <itt« tn tke nmf^Ai lahtHty of atitHantto fiaii|i|#« 
9t oorim«poii<lliig anid^t aoia or ta^nraalllio 
ft ®ti»|«iitlofifara A> ar iea^* 
tliossrtetloi} ir«ailllate(rottto B) fMvtm^ hy bydroi^lfttioii 
irmU c^ in ttm of pipotoeaieeimat© mm 






y m i l l i a or vanillato oaridltod {»«Iiy<iifoxyt»eii»ofi«fi vitii 
Furthensorw Teralrald«liri!a also gave a ^liGnoliQ vpot iiidi^ 
oatiiifi Btmigbtforwtw^ de«ttl«yl«tioii, THa o«ll«fr«e oxlitMsts 
ojcidlsod for«aldttiyda and foraata tmt aot satliaiiol* ftiero*» 
1 U 
for«f i t my be odisolttdetf tliat group is 
tue of ioxmaldeliytfe* l^ese fin^iiig* in agr«eii6ii« 
with tM of oiirlvrigiit m^ dumrall for 
f^^oy^^aa.. .f m^ of S a^iiod;^  (I96S> 
for faio^i^^ltiii KClii V m m t 9 wm «lso Identifiod 
in tbo mttum firotti of t&o ofiatiis»# In asitosoftrKi eji^^ri^ 
to oxldiise faaUi in i f m i l l l n 
ftot^ mA mttr MMtim of 
mw* im^ oetl mtrni^ no offoot cm oxiliittlom of tiioao 
ooapouiia»» Is ooatfitst to tHo ttnMn%» of Ocirtvriglit 
Siaitti ooll^froo m t t m t eqiilvftleiif to M «£ ti'^toin 
or laore oould not osl^oo wwaittnim^ Uommrf ait** 
ap{>e»red trm iM m6im mtltmigli no 9x$rgm uptalio 
rmerMw ^ ^ nmr t>o ^ to tli^ o iamtiw&Um of tJio olootron 
trxmoport i^opoasiblo for tbo x^xidattott of HA^ Pa 
anring tbo pi^parntion of ooll«ffo« oxtroolt* I^WJi osldiaso 
ooiild not l»o ilotootoil in tlto o«lt«»fre« b^ r opootro** 
fhotoiiotrio aao^ prooodttro <@roaie# t0S9)» fl^ o following 
oqtiatioti mmx meplaiM ^ e of |^rotoctiitooli»iitt to 
f ««xoii<ii|»fttoi 
Protooatoohttftto p •^arDoxir -ois ,«i»-«iRiooiiie aoi4 
Tho omdo ooll<«f]roo oxtraot ojiidiaod ono nolo of 
i I 'u 
protooal€OtiTiat6 witli tha oonstmptloo^ of QUA mote of oxygm 
and OTolttUon of oao of oort>9ii iSioxidft* fbe aiiiljm*^! 
Qjs^raot u»d<sr 'Olid ttolo oxfgoit poi* suite of 
protooittooittiiito vitlia^t o«>rl»nt eirolliiiton lioociiiots 
Uli^^sts ia Icnotra to Initotiirato IIM XX lnvolvod la 
the ^eoftrDosqrla i^oii of oi»f ois^iiiaootiato 
^MftOBoamd fit 1094)* tuottiNaMaa aljEfiire oontaliitii^ 
imdiaxrsea eotx-fi^o a^ositiva iio«iiijm 
la^ioittiiig fovmaticii of ^ 9pmtm 
of tbo inoAiiatloa wtxturo oontaiaiag aial^aod tiall«»froe 
m t r m t was laonticia to ttmt of j9««arboxy eta ;Oia«inaooiiato 
CHaoSonaKl Hi,.* tSS4| 6 r o s a j 8 | ^ * , 1980)* oolS-»freo 
oictt^ct of not oari<liao proto«» 
oatootiaato Imt oaiaoliol eau tHo roauXtlng lacal>aUoti ailxttti'e 
again gave a i^ooitlra Eotiiara t»»t (tt08> afioiritig tliat for 
li0ttcaX4ati^ d« ftromt oolla |ii*o«ooateotRialio«*at4«p(iio2i3rgoiiasa la 
Xn ttto l ight of tuo a^iro iiiaoitaaioii tuo dtagradafiiro 
pattiwaf for tli© oacidatto» of ^aiillltii» 
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Fig. 3A The degradative pathways of vanill in , p-hydroxybenzaldchyde 
and benzatdehyde by Pseudomonas vanillin strain 
1 ' 2 Jl Ji. 
VIXX* 3 IT If M A n ¥ 
An aero&io tAentifl^d to m 
Bf* attlieitig vmiXti^ m sole s«iiir«m of ^ttr^m iios 
l»0«ii i0Otiit«di frost Ideal ooti W mH&hmmt m%tm& 
In ^rmlt g«in a^out assolumtsiB of 
degradation ot iftmilXin m^ ttio ai^toi^ioltr of mmym indue-
flotiy t m orgsiii^ii wm gfovm. m iraiillliii« TiiiiilI«tO| 
and ^tueo30 in turn mA tboir to o^ cidlK© mmml 
au^sitratos m m tostod eiiaioaotfleattrt studios so^ostod 
ttio iiiduol^lo nmtum ot eome of tuo ena^^s trnv l^mS. ia tbo 
«otal>olistt of v ra l l i la <md rotated oocipotiiidt* 
fHo for ttio dltoiffitlatlon of ir«»ill|ii and 










1 1 ti 
Um M m i<i#iitifli«<t ta Wws o^tnr© at vAnWlla* 
grown On inotiiiflttiiiit of fftnitl ia wii^ mll^^tm^ mtmata 
of ifmtilllii«gr0i»i v^silate-grmm oeits or 
grown 06tlS| viiiiUt&td nm fomd* mmtrntlm of tito 
©xfriKSt of tienm3i6»wa&'»$3t<ym 00X10 witii oatooiiol» 
I 
oKtmot of vmUlit^^^t&m o^lls,^ irenUlate** 
gro«tt oelt« witn protoeatoel«i»t« gavo i^se to ^ Miaott^tpa^* 
Sift^o tJie i?^IUitt«irof«ti oolla IHo Ijiior* 
stedilatois of ttio trioarlios^Iic aoia o r^ol^ f ftirtHor 
of aay oeoar ^roti^ii ey©!©* 
fro© 0«traot iras sl^ ona to poa&osa MAJ)^ "*' dopeadoitt tranllliit 
deliyarogea^o ond ( i i> HMil*^ foiratia.4olir<to doliy4ifogoaas«)» 
I t ta tlioroforo ^uggostod tiiat mrin^ of inusiUliii 
form^ietsf^® iss^  ho forced; No wesfo^  lionovorf 
to il«toi%i»4lo tlio patHwiism tfiroagl> «liioti fomoltfeh^aa i t 
ut i l ised dr tuis Psendosoniis, 

i ^ 
mm muvmmm ma^^ witfi m mtg^H^u (•> hm^ mt fmm 
«0cai in ^ ^rlgtufili 
Mmt itmi}* 
*mmst Unlit ituou 
lif^ttlsMf 
nm<&$tmf m^ 
i M ^ i i« itm&r* 
Gtmm^ U w K 
catiit (t0ia>« 






ihisi«y» i * U m ) . 
Cim^mMii «iia 
ftieaiei ^IgfM^ Most in 
iao« M l 4149* 
aimimtp <f«« add* 
I t t * 
Moobftin* 
<1, tioa* 36t 251, 
Mooliciii^  401« 
1 1> 
Clittoa, C.E, i l W ) . 
c.t rim&tkU A* 
tkigltkfp S* md 
mS UibhmBf 
Bagler* s* nad 
Ammm msiym^li gt m9m 
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u 
Blmhmrn §h 
l l f 
Mmtnm^ i l g t fiO. 
Bimihm* Stf JIgf 
jJAffl^r, Oli^ peimt 8lo©litiai« Mtfi«t l i t 
0lk(}ilt (1903), 
OttHBORf ( i m K 
s« Gmpmm^ nature* m « 
6iD«0!lt mid 
Oft$l«yi Sftt 61i)a<mf 




Dttgl^rt CliApniuii J^i 
and 6ib»oat ( i ^ S ) , 
aoAvyt liooHdiN Iggf 
and Wood, J^ Mt 
/I /• 
1 it t/ 
it)erg 
3 liiviag stone 
mmm^ mf 
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i 1 « 
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